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NOTiCE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
ond Space Administration (NASA), nor any person acting on 
behalf o f  NASA: ' 

A,) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
OT' usefulness of the information contained in this 
report, or that the use of any information, +paratus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 

B.) Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
this report. 

As used above, .person acting on behalf of NASA' includes 
any employee or contractor of NASA, or employee of such bon- 
tractor, to the extent that such employee or contractor of NASA, 
or employee of such contractor -prepares, disseminates, or 
provides access to, any information putsuant to his employment 
or contract with NASA, or his employment with such contractor. 
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Requests for copios of this report 
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Natianal Aeronautics and Space Administration 
Offico of Scientific and Technical lnfarmatlon 

Washington 25, D.C. 
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I. SUMMARY 

F. E. T ippe ts  

T h i s  program i s  be ing  conducted f o r  t h e  N a t i o n a l  Aeronaut ics  

and Space Admin i s t r a t ion  under Con t rac t  NAS 3-2528 t o  o b t a i n  

two-phase h e a t  t r a n s f e r  and f l u i d  f low data f o r  potassium under 

c o n d i t i o n s  o f  b o i l i n g  and condensing approximating t h o s e  a n t i -  

c i p a t e d  i n  l a r g e  space t u r b o - e l e c t r i c  power systems.  

ment development, m a t e r i a l s  s t u d i e s  and t h e o r e t i c a l  a n a l y s i s  

r e l a t e d  t o  t h e  exper imenta l  w o r k  a r e  conducted as a suppor t  

e f f o r t .  

t h e  q u a r t e r  ending September 30, 1964. 

Tes t  equip- 

The fo l lowing  i tems  summarize the  work performed d u r i n g  

300 KW P r o j e c t  

T e s t i n g  i n  t h e  300 KW loop a t  b o i l i n g  potassium tempera tures  

up t o  1700°F w i t h  h e l i c a l  i n s e r t s  of b o t h  2-inch p i t c h  and 5.5-inch 

p i t c h  i n  a 1- inch nominal diameter  t u b e  was completed t h i s  q u a r t e r .  

. 

All of  t h e  data taken w i t h  t h e  2-inch p i t c h  i n s e r t ,  comprised o f  18 
rnL - ~ i y u i u - - ~ ~ q ~ i d  puiis aiid 92 boilii2g i e l i T S ,  ~ e p o r t e d  here in ,  lllc 

1 2  . . - J - l  9 .  . . - >  

data ob ta ined  w i t h  t h e  5.5-inch p i t c h  i n s e r t ,  comprised of  approxi -  

ma te ly  65 b o i l i n g  runs  and 10 l i q u i d - l i q u i d  r u n s ,  a r e  be ing  reduced 

and w i l l  be r e p o r t e d  d u r i n g  the nex t  qua r t e r .  The data ob ta ined  

show t h e  h e l i c a l  i n s e r t  t o  be ve ry  e f f e c t i v e  i n  ex tending  t h e  



n u c l e a t e  b o i l i n g  regime to high  q u a l i t i e s  and t h u s  i n c r e a s i n g  h e a t  

t r a n s f e r  performance. For s e v e r a l  of t h e  runs  superhea ted  vapor 

c o n d i t i o n s  were  ob ta ined  a t  t h e  t e s t  s e c t i o n  ex i t . , '  

The nex t  s e r i e s  of t e s t s  w i l l  be wi th  a 3/4-inch nominal d i a -  

meter tube conta in ing  a h e l i c a l  i n s e r t  of 4-inch p i t c h .  The new 

t e s t  b o i l e r  f o r  t h e s e  t e s t s  h a s  been assembled and i n s t a l l e d  i n  

the  loop and t e s t  o p e r a t i o n  should beg in  e a r l y  i n  October.  

100 KW P r o j e c t  

Modif ica t ion  of  t h e  100 KW loop, to i n c r e a s e  t h e  range and 

c o n t r o l  of experimental  v a r i a b l e s ,  was completed and shake down 

o p e r a t i o n  s t a r t e d  i n  mid-August. F u r t h e r  development work on t h e  

r a d i a n t  h e a t e r  f o r  t h e  p r e b o i l e r  r e s u l t e d  i n  a c o i l e d  tungs t en  

wire  element design,  which i s  now i n  use r e p l a c i n g  t h e  o r i g i n a l  

tan ta lum s h e e t  h e a t e r .  I n  a d d i t i o n ,  a p r e h e a t e r  has been i n s t a l l e d  

upstream of t h e  t h r o t t l i n g  o r i f i c e  to permi t  c o n t r o l l e d  f l a s h i n g  of 

t h e  f l u i d  a t  the o r i f i c e  i n  o r d e r  to thereby  ex tend  t h e  range of 

s t a b l e  opera t ion .  

A t o t a l  o f  23  s t a b l e  b o i l i n g  h e a t  t r a n s f e r  d a t a  p o i n t s  were 

ob ta ined  dur ing  the  shake down p e r i o d  t h i s  q u a r t e r ,  u s ing  a 3/4-inch 

nominal diameter t ube  and cover ing  a range of tempera tures  up t o  

about  1830°F and vapor q u a l i t i e s  up t o  abou t  50%. 

r e p o r t e d  he re in ,  t o g e t h e r  w i t h  v a r i o u s  c a l i b r a t i o n  d a t a  f o r  t h e  

loop and a few p rev ious ly  unrepor ted  l i q u i d  sodium h e a t  t r a n s f e r  

d a t a  p o i n t s .  

These data are  
\ 
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T e s t i n g  w i t h  the 3/4-inch smooth tube  w i l l  con t inue  i n  the  

n e x t  q u a r t e r .  

to 2100°F and 

Planned t e s t  c o n d i t i o n s  i n c l u d e  t empera tu res  up 

vapor q u a l i t i e s  up to about  90%. 

50 KW P r o j e c t  

Fol lowing i n s t a l l a t i o n  of a new h e l i c a l  i n d u c t i o n  pump, t he  

50 KW loop  was ope ra t ed  b r i e f l y  i n  J u l y  w i t h  t h e  o r i g i n a l l y  i n s t a l l e d  

s l o t t e d  and brazed  t e s t  s e c t i o n .  Recur ren t  p lugging  problems i n  

t h e  potassium loop n e c e s s i t a t e d  shutdown, d u r i n g  which a number of 

m o d i f i c a t i o n s  were made to improve the loop  o p e r a b i l i t y  and a new 

test s e c t i o n  was i n s t a l l e d .  

Subsequent o p e r a t i o n  n e a r  the end of  t h e  q u a r t e r  r e s u l t e d  i n  

complet ion of planned t e s t s  w i t h  t h e  5/8-inch I D  smooth tube t e s t  

s e c t i o n .  A t o t a l  of approximately 75 condensing data p o i n t s  were 

o b t a i n e d  i n  t h i s  geometry w i t h  s a t u r a t e d  vapor  a t  t h e  t e s t  s e c t i o n  

i n l e t  for t empera tures  up t o  1450°F. 

t aken  e a r l y  i n  t h e  q u a r t e r  a r e  p r e s e n t e d  h e r e i n .  The ba lance  of 

t h e  data, taken  i n  September, a r e  be ing  reduced and w i l l  be r e p o r t e d  

d u r i n g  t h e  nex t  qua r t e r ,  

The p o r t i o n  o f  t h e s e  data 

A t w i s t e d  r ibbon  i n s e r t  has been i n s t a l l e d  i n  t h e  5/8-inch I D  

L . - L  L e y b  yec’Liuii roii tile 1ierxt of L - - L -  ~ e s  LS, - - ’ - Z  wriich should  begiii 

e a r l y  i n  October.  
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Facilities, Instrumentation and Materials Support 

Accountings of supporting work conducted throughout the quarter 

in the areas of facilities maintenance and repair, instrumentation, 

and materials are given in Sections V, VI and VII, respectively. 

Analysis 

The feasibility of determining local static pressure in two-phase 

potassium flow by use of thermocouples in conjunction with published 

saturation pressure-temperature data was investigated using data 

from the 300 KW facility. As is shown in Section VIII, the method 

apparently gives good accuracy. 

Pool Boiling Investigation 

Development of a leak in the pool boiling test apparatus pre- 

vented experimental work this quarter. 
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J. R ,  Peterson/D. R .  Ferguson 

The 300 Kw f a c i l i t y  i s  used t o  o b t a i n  potassium b o i l i n g  and 

condensing h e a t  t r a n s f e r  da t a .  Both t h e  b o i l i n g  and condensing 

t e s t  s e c t i o n s  are  c o n t r o l l e d  temperature  types ,  i .e. ,  t h e  temp- 

e r a t u r e s  of t h e  h e a t  t r a n s f e r  f l u i d s  r a t h e r  t han  h e a t  f l u x  a r e  

c o n t r o l l e d .  Reference 1 p r e s e n t s  a d e t a i l e d  d e s c r i p t i o n  of t h e  

f a c i l i t y .  

Both l i q u i d - l i q u i d  and b o i l i n g  d a t a  were ob ta ined  du r ing  t h i s  

r e p o r t i n g  pe r iod  w i t h  t h e  1.0-inch nominal d i ame te r  L-605 b o i l e r  

tube  con ta in ing  2.0-inch and 5.5-inch p i t c h  h e l i c a l  i n s e r t s .  All 

of t h e  d a t a  ob ta ined  w i t h  t h e  2.0-inch p i t c h  i n s e r t  a r e  r e p o r t e d  

h e r e i n .  Eighteen l i q u i d - l i q u i d  and 92 b o i l i n g  runs  a r e  r e p o r t e d .  

Approximately 65 b o i l i n g  and 10 l i q u i d - l i q u i d  runs  were ob ta ined  

wi th  t h e  5.5-inch p i t c h  i n s e r t  du r ing  t h i s  r e p o r t i n g  pe r iod .  These 

d a t a  are  be ing  reduced and will be r e p o r t e d  l a t e r .  F ive  hundred 

and seventy-seven hours  of loop o p e r a t i o n  were accumulated t h i s  

q u a r t e r ,  i nc lud ing  398 nours  i n  b o i i i n g .  Tine t o t a l  i u o p  o p e r a i i r i g  

t i m e  t o  d a t e  i s  3424 hours.  
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S t a t u s  of Loop and Tes t  S e c t i o n  

Tes t ing  wi th  t h e  2-inch p i t c h  h e l i c a l  i n s e r t  was t e rmina ted  

J u l y  2, 1964 a f t e r  t h e  t e s t  p l a n  p resen ted  i n  Reference 2 was 

s a t i s f a c t o r i l y  completed. A new h e l i c a l  i n s e r t ,  having a p i t c h  

of 5 ,5- inches was i n s t a l l e d  i n  the  b o i l e r  tube  fo l lowing  completion 

of 2-inch p i t c h  t e s t i n g .  B o i l i n g  o p e r a t i o n  wi th  t h e  new i n s e r t  

commenced J u l y  23, 1964 a f t e r  d e l a y s  du r ing  s t a r t - u p  due to f a i l u r e s  

of bo th  t h e  dump t ank  and t h r o t t l i n g  va lve  be l lows .  

of planned b o i l i n g  runs  a t  1700°F and 1550°F, a n  a t t empt  was made t o  

o b t a i n  a d d i t i o n a l  d a t a  a t  1400'F. 

o p e r a t i o n  was placed a t  t h e  end of t h e  5.5-inch p i t c h  t e s t  program 

because o f  t h e  inc reased  r i s k  of t e s t  s e c t i o n  f a i l u r e ,  due to t h e  

reduced d u c t i l i t y  o f  L-605 a t  1400°F and t h e  h i g h e r  thermal  s t resses  

r e s u l t i n g  from the  i n c r e a s e d  temperature  d i f f e r e n c e  between t h e  

pr imary and secondary f l u i d s .  Tes t ing  was t e rmina ted  by a b o i l e r  

be l lows  f a i l u r e  as  t h e  1400°F t e s t s  were s t a r t e d .  The f a i l u r e  i s  

d i s c u s s e d  i n  more d e t a i l  i n  S e c t i o n  V of t h i s  r e p o r t .  

A f t e r  completion 

T h i s  low tempera ture  b o i l i n g  

Assembly of  t h e  next  s p e c i f i e d  s i n g l e  tube  t e s t  b o i l e r ,  a 0.75- 

inch OD L-605 b o i l e r  tube con ta in ing  a 4-inch p i t c h  (P/D = 6 )  h e l i c a l  

i n s e r t ,  i s  completed and t h e  u n i t  i s  i n s t a l l e d  i n  t h e  f a c i l i t y .  T e s t  

o p e r a t i o n  w i t h  t h i s  b o i l e r  i s  expected to commence e a r l y  i n  October 

a f t e r  t h e  f l u s h i n g  o p e r a t i o n s  n e c e s s i t a t e d  by  t h e  b o i l e r  bel lows 

f a i l u r e  a r e  completed. 

Two modi f ica t ions  have been i n c o r p o r a t e d  i n t o  t h e  f a c i l i t y  i n  

o rde r  to i nc rease  t h e  c o n t r o l  of t e s t  o p e r a t i o n  and to dec rease  t h e  

thermal  s t r e s s e s  on t h e  b o i l e r  bel lows.  Approximately 8 Kw of 
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e l e c t r i c a l  p r e h e a t  has  been i n s t a l l e d  i n  t h e  potassium loop.  This  

p r e h e a t  w i l l  p rovide  some c o n t r o l  of t h e  i n l e t  subcool ing  and w i l l  

be  used under seve re  ope ra t ing  c o n d i t i o n s  t o  minimize subcoo l ing  

and the reby  reduce temperature  g r a d i e n t s  and thermal  stress i n  t h e  

bel lows  r e g i o n  of  t h e  b o i l e r  i n l e t .  I n  a d d i t i o n ,  t h e  t h r o t t l i n g  

v a l v e  a t  t h e  potassium b o i l e r  i n l e t  has  been modif ied t o  p rov ide  

b e t t e r  f low c o n t r o l ,  as desc r ibed  i n  S e c t i o n  V. This  v a l v e  as mod- 

i f i e d  can be  used t o  load  the  potass ium pump, t h e r e b y  h e a t i n g  t h e  

potass ium w i t h  t h e  pump be fo re  e n t e r i n g  t h e  b o i l e r  and a d d i t i o n a l l y  

r educ ing  subcool ing.  These mod i f i ca t ions  w i l l  be e s p e c i a l l y  u s e f u l  

i n  t h e  planned co-cur ren t  flow t e s t s ,  which w i l l  p l a c e  g r e a t e r  t h e r -  

m a l  s t r e s s e s  on t h e  b o i l e r  bel lows a t  t h e  b o i l e r  i n l e t .  

The maximum h e a t  t r a n s f e r  c a p a b i l i t y  of t h e  new t e s t  s e c t i o n  has  

been  reduced due t o  t h e  smaller tube  d iameter .  The new t e s t  s e c t i o n  

choking and h e a t  t r a n s f e r  l i m i t a t i o n s  have been c a l c u l a t e d  and a r e  

shown i n  F i g u r e  1, where t h e  3/4-inch and 1-inch t e s t  s e c t i o n  l i m i t -  

a t i o n s  are  compared, A s  i n d i c a t e d  on t h e  p l o t ,  t h e  maximum a t t a i n -  

a b l e  power has  been reduced from 220 KW t o  145 KW at 1500°F potass ium 

e x i t  t empera ture  by  t h e  change of b o i l e r  tube  d iameter .  It i s  emphas- 

i zed  t h a t  F i g u r e  1 shows t h e  p o t e n t i a l  o r  maximum c a p a b i l i t i e s  s i n c e  

t h e  potass ium h e a t  t r a n s f e r  r e s i s t a n c e  has  been neg lec t ed .  

S t a t u s  of D a t a  Reduct ion 

B o i l i n g  d a t a  o b t a i n e d  dur ing  t h e  p e r i o d  5/19/64 through 7/2/64 

w i t h  t h e  0.92-inch I D ,  0.039-inch wall, L-605 b o i l e r  t ube  c o n t a i n i n g  

t h e  2-inch p i t c h  h e l i c a l  i n s e r t  a r e  p r e s e n t e d  i n  Table A-2 of  Appen- 

d i x  A. The nomenclature f o r  t h e  d a t a  t a b u l a t i o n  i s  g iven  i n  T a b l e  A-l 
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of Appendix A.  The d a t a  p r e s e n t e d  cover  t h e  fo l lowing  range  of 

var iab les  : 

Sodium f low r a t e ,  l b / sec  2.66 

Sodium i n l e t  temperature ,  OF 1225 

Potassium flow r a t e ,  lb / sec  0.063 

Potassium e x i t  temperature ,  OF 1124 

Potassium i n l e t  sub-cooling, F 92 0 

Potassium e x i t  q u a l i t y ,  % 2.1 

Heat t r a n s f e r r e d ,  Btu/sec 11.5 

The c a l c u l a t i o n  procedures  u t i l i z e d  i n  t h e  data 

summarized i n  Appendix B. 

S t a t u s  of  Data Evalua t ion  

7.12 

1850 

0.690 

1762 

441 

129* 

123.4 

r e d u c t i o n  a re  

High Performance w i t h  t h e  H e l i c a l  I n s e r t .  The b o i l i n g  d a t a  

ob ta ined  wi th  the 2-inch p i t c h  h e l i c a l  i n s e r t  show i t  t o  be very 

e f f e c t i v e  i n  extending t h e  n u c l e a t e  b o i l i n g  r e g i o n  t o  h igh  q u a l i t i e s .  

S e v e r a l  d a t a  p o i n t s ,  i n  f a c t ,  were ob ta ined  which showed superhea ted  

vapor a t  t h e  e x i t  of t h e  b o i l e r  tube .  

F i g u r e s  2 through 5 show t h e  sodium and potass ium tempera ture  

p r o f i l e s ,  as  determined from t h e  b o i l e r  s h e l l  and i n s e r t  thermo- 

couples ,  f o r  a s e t  o f  f o u r  r u n s  i n  which t h e  e x i t  q u a l i t y  c a l c u l a t e d  

by h e a t  ba lance  i n c r e a s e s  s e q u e n t i a l l y  from nominal ly  100% t o  abou t  

120%, The sharp  r i s e  i n  potass ium tempera ture  n e a r  t h e  b o i l e r  e x i t  i n  

F igure  3, 4 and 5 shows t h a t  supe rhea ted  vapor was ob ta ined  i n  t h e s e  

runs .  The drop i n  tempera ture  from t h e  l a s t  i n s e r t  thermocouple t o  

* Q u a l i t i e s  g r e a t e r  than  100% i n d i c a t e  Superhea ted  vapor .  
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t h e  potassium e x i t  w e l l  thermocouples i p  F igure  5 i s  due t o  h e a t  l o s s  

from t h e  b o i l e r  hanger.  The r e l a t i v e l y  small h e a t  l o s s  r e s u l t s  i n  

s i g n i f i c a n t  temperature  changes i n  superhea ted  vapor ,  due t o  i t s  

s m A l l  h e a t  capac i ty .  

The sodium temperature  p r o f i l e  shown f o r  t h e  100% q u a l i t y  run  

(F igu re  2 )  shows no a b r u p t  change i n  s lope ,  i n d i c a t i n g  t h a t  t h e  

e n t i r e  tube i s  i n  n u c l e a t e  b o i l i n g .  As vapor supe rhea t  i s  produced, 

however, a break  i n  t h e  sodium p r o f i l e  appears ,  marking t h e  p o i n t  of  

change from t h e  n u c l e a t e  b o i l i n g  r e g i o n  t o  t he  t r a n s i t i o n  b o i l i n g  

and vapor superhea t  reg ion .  The b reak  i s  seen t o  move p r o g r e s s i v e l y  

towards t h e  potassium i n l e t  i n  F i g u r e s  3 through 5 as t h e  amount of 

vapor supe rhea t  i s  inc reased .  The b reak  i n  sodium p r o f i l e  does n o t  

occur  a t  t h e  same a x i a l  p o s i t i o n  as t h e  p o i n t  i n  t h e  potassium pro- 

f i l e  i n d i c a t i n g  t h e  beginning of vapor supe rhea t ,  t h u s  t h e  change 

from n u c l e a t e  t o  t r a n s i t i o n  b o i l i n g  occurs  a t  s l i g h t l y  l e s s  t han  

100% q u a l i t y .  

F i g u r e  6 shows the  superheated vapor p o i n t s  ob ta ined  wi th  t h e  

2- inch p i t c h  i n s e r t  p l o t t e d  on pressure- tempera ture  co-ord ina tes .  

The p o i n t s  f a l l i n g  o f f  t he  s a t u r a t i o n  l i n e  i n  t h e  superhea ted  vapor  

r e g i o n  a r e  runs  f o r  which the  c a l c u l a t e d  q u a l i t y  i s  i n  excess  of  

100%. Also p l o t t e d  are  those d a t a  w i t h  e x i t  q u a l i t i e s  from 10% t o  

go$, which f a l l  on t h e  s a t u r a t i o n  curve as expected.  The p r e s s u r e  

p l o t t e d  was obta lned  from the  b o i l e r - e x i t  p r e s s u r e  gage and t h e  

tempera ture  from t h e  i n s e r t  thermocouple a t  t h e  potassium e x i t  end 

of  t h e  b o i l e r  t u b e .  The measured s a t u r a t i o n  p o i n t s  ag ree  very  w e l l  

wi th .  t h e  l i n e  drawn, which i s  ob ta lned  f rom the  r e c e n t  d a t a  of t h e  

Naval  Research Labora to r i e s  (Ref . 3) . 
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Liquid Sodium Heat T rans fe r  C o e f f i c i e n t .  A s  d i s c u s s e d  i n  Refer-  

ence 4 ,  v a l u e s  of t h e  sodium h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  s h e l l -  

s i d e  of t h e  300 KW t e s t  s e c t i o n  a r e  necessa ry  i n  o r d e r  to c a l c u l a t e  

b o i l i n g  potassium h e a t  t r a n s f e r  c o e f f i c i e n t s  from t h e  o v e r a l l  coef-  

f i c i e n t s  obtained from the  measured d a t a .  

Lyon (Ref.  5)  recommends the  fo l lowing  equa t ion  f o r  t h e  p r e d i c t i o n  

of l i q u i d  metal  h e a t  t r a n s f e r  c o e f f i c i e n t s  i n  t h e  annulus  or s h e l l  

s i d e  of t u b u l a r  h e a t  exchangers f o r  r a t i o s  of s h e l l  I D  to tube OD (*) 

g r e a t e r  than  1.4. 

D 

DO 

L 

The recommended va lue  of A i n  t h e  above equa t ion  i s  0.75. The 

value of B i s  7 f o r  c o n s t a n t  h e a t  f l u x  and 5 f o r  c o n s t a n t  w a l l  temp- 

e r a t u r e .  

The va lue  of A f o r  t h e  300 KW t e s t  s e c t i o n  i s  expec ted  to d e v i a t e  

somewhat from the v a l u e  recommended by Lyon, s i n c e  t h e  exper imenta l  

geometry i s  not  t h a t  o f  an  i d e a l  t u b u l a r  h e a t  exchanger,  due to t h e  

presence  of cen te r ing  p i n s  i n  t h e  annulus  and t h e  e f f e c t  of sodium 

i n l e t  and e x i t  geometry. Furthermore,  t h e  p rope r  va lue  of B i s  no t  

obvious.  A t w o  f l u i d  h e a t  exchanger i s  n e i t h e r  c o n s t a n t  h e a t  f l u x  

or c o n s t a n t  w a l l  temperature ,  a l though probably  c l o s e r  to t h e  l a t t e r .  

Due to t hese  u n c e r t a i n t i e s  a n  a n a l y t i c a l  procedure was developed 

and s p e c i a l  l i q u i d - l i q u i d  runs  were o b t a i n e d  i n  t h e  300 KW t e s t  s e c t i o n  

f o r  a n  a t t empt  t o  determine t h e  v a l u e s  of A and B expe r imen ta l ly .  

-10- 



The experiment performed cons i s t ed  of measuring the  o v e r a l l  l i q u i d -  

l i q u i d  h e a t  t r a n s f e r  c o e f f i c i e n t  (UoL) as t h e  sodium mass f l o w  r a t e  

was v a r i e d ,  whi le  t h e  potassium flow r a t e  was h e l d  cons t an t .  The 

exper,iri,ei-lt was carl2ied oilt at approx~rnately- coiist-iit berrlpel'd - - - -  L . - - - -  bur 'e,  

The d a t a  obta ined  a t  2100 hours  on 5/12/64 through 1230 hours  on 

5/13/64, t a b u l a t e d  i n  Table A - 3  of Appendix A,are t h e  experirnentai  

p o i n t s  ob ta ined  under t h e s e  cond i t ions .  The o v e r a l l  l i q u i d - l i q u i d  

h e a t  t r a n s f e r  c o e f f i c i e n t  (UoL) i s  c a l c u l a t e d  from the  exper imenta l  

d a t a  as fo l lows ,  where TKi, TKO, TNai and TNao are  t h e  average  potas -  

sium and sodium b o i l e r  i n l e t  and o u t l e t  t empera tures  r e s p e c t i v e l y ,  

as g i v e n  by Table A-3  of Appendix A. 

where 

(4) 

Nao K i  'I' 

The t o t a l  hea t  t r a n s f e r  a r ea  based upon t h e  b o i l e r  tube I D  (%) 
f o r  t h e  d a t a  t r e a t e d  i s  1.840 ft . The o v e r a l l  l i q u i d - l i q u i d  h e a t  

t r a n s f e r  c o e f f i c i e n t s  c a l c u l a t e d  i n  t h i s  manner a r e  shown i n  F igu re  

7, p l o t t e d  versus  t h e  sodium P e c l e t  number. Table C-2  of Appendix 

C l i s t s  t h e  computed va lues .  

2 
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The d a t a  p o i n t s  a t  t h e  two h i g h e s t  sodium P e c l e t  numbers a r e  no t  

g iven  much weight i n  drawing t h e  smooth l i n e  shown. 

TNai ‘TKo 
cons ide rab le  e r r o r  i n  UoL, s i n c e  the  e r r o r  i n  temperature  d i f f e r e n c e  

measurements i n  t he  300 KW f a c i l i t y  i s  approximately 1°F, 

The va lue  of 

f o r  these  p o i n t s  i s  l e s s  than  5 O F ,  which could in t roduce  

Liquid-metal  h e a t  t r a n s f e r  c o e f f i c i e n t s  a r e  f u n c t i o n s  on ly  of t h e  

P e c l e t  number, which i s  a f u n c t i o n  only  of flow r a t e  and tempera ture .  

Under t h e  cond i t ions  o f  t h e  experiment ,  t h e r e f o r e ,  t h e  potassium and 

tube w a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  (hKL and hw r e s p e c t i v e l y )  a r e  

c o n s t a n t ,  and only t h e  sodium h e a t  t r a n s f e r  c o e f f i c i e n t  v a r i e s .  

Equat ion (5), fol lowing,  can t h e r e f o r e  be w r i t t e n  f o r  t h e  o v e r a l l  

c o e f f i c i e n t  UoL, where R m  i s  a c o n s t a n t .  

Assuming hNa i s  g iven  by Equat ion (l), t he  fo l lowing  r e l a t i o n  i s  

obta ined  from Equation (5 )  

and 

and Npe . Using 
0% 

From the  smooth curve of F igu re  7, o v e r a l l  c o e f f i c i e n t s  U 

Pe 1 2 
U can be obta ined  at sodium P e c l e t  numbers N 

Equat ion ( 6 )  above, t h e  c o n s t a n t  A can be  determined as  f o l l o w s :  
0L2 
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' The c o n s t a n t  A was obtained from Equat ion (7 )  above for both  

va lues  of B under cons ide ra t ion  (B = 5 and B = 7 ) .  Values of  U QL, I 
= 1226 and U 

from Figure  7. 

= 1608 a t  NFel = 100 and Npe = 1000 were obta ined  
oL2 2 

The r e s u l t i n g  equa t ions  for hNa are  g iven  below: 

= 0.6744 (&) O o 3  [5 -!- 0.025 ( N p e )  
0 h N a  

The procedures  followed fo rced  Equat ion (1) to f i t  t h e  exper imenta l  

d a t a  a t  two va lues  o f  t h e  sodium P e c l e t  number. The b e s t  va lue  of B 

i s  t h e  value which b e s t  f i t s  t h e  exper imenta l  d a t a ,  t h a t  i s ,  which 

g ives  t h e  l e a s t  s t anda rd  d e v i a t i o n  i n  the  t h e o r e t i c a l l y  c o n s t a n t  

RKW. 

i n d i v i d u a l  d a t a  p o i n t s  us ing  Equat ions ( 8 ) ,  (9) and ( 6 )  and a r e  l i s t e d  

i n  Table C-2 of Appendix C .  

i n  Rm f o r  B = 5 i s  2.2%, whereas a s t anda rd  d e v i a t i o n  of 2.9% was 

o b t a i n e d  f o r  B = 7. 

were omi t ted  as before .  Equation (8)  i s  t h e r e f o r e  recommended f o r  

. t h e  computation of t h e  sodium h e a t  t r a n s f e r  coefficient h t h e  3Gi3 Eclnl 

t e s t  s e c t i o n .  

The va lues  of Rm for both va lues  of  B were computed from t h e  

The r e s u l t i n g  p e r c e n t  s t anda rd  d e v i a t i o n  

The da ta  a t  t h e  two h i g h e s t  sodium P e c l e t  numbers 

Using t h e  average value of Rm determined from t h e  B = 5 r e s u l t s  

and Equat ion (5), experimental  va lues  of hNa can be computed from 

t h e  exper imenta l  va lues  of UoL. 

i n  F i g u r e  8 and compared w i t h  t h e  recommended equa t ion  and w i t h  Lyon's 

p r e d i c t i o n .  The data f a l l  below Lyon's  p r e d i c t i o n ,  b u t  a r e  ir, good 

The p o i n t s  s o  ob ta ined  a r e  p l o t t e d  

agreement wi th  t h e  recommended Equat ion (8) e -13- 



B o i l i n g  Potassium Pres su re  Drop. The fo rced  convec t ion  b o i l i n g  

potassium p res su re  drop  r e s u l t s  ob ta ined  from t h e  2-inch p i t c h  i n s e r t  

d a t a  a r e  shown i n  F igu res  9 and 10, where the  exper imenta l  two-phase 

m u l t i p l i e r s  a r e  p l o t t e d  v e r s u s  e x i t  q u a l i t y ,  Also shown a r e  t h e  

M a r t i n e l l i  and homogeneous model p r e d i c t i o n s ,  ob ta ined  from Reference 

4, Figures  19 and 20. 

The va lues  p l o t t e d  a r e  l i s t e d  i n  Table 7. The exper imenta l  p r e s -  

su re  drops  a r e  ob ta ined  from t h e  b o i l e r  i n l e t  and o u t l e t  p r e s s u r e  

gages,  c o r r e c t i o n s  f o r  l i q u i d  potassium head and momentum p r e s s u r e  

drop  be ing  appl ied .  

u t i l i z e d  i s  - + 0.5 p s i .  

necessa ry  t o  c a l c u l a t e  t h e  two-phase m u l t i p l i e r s  were ob ta ined  ana ly-  

t i c a l l y  from measured water  p r e s s u r e  drop  data as  d i s c u s s e d  i n  Refer-  

ence 4. 

i s  g iven  i n  Appendix D of t h i s  r e p o r t .  

The e s t ima ted  accuracy  o f  t h e  p r e s s u r e  gages 

The va lues  of potassium l i q u i d  p r e s s u r e  drop  

A more d e t a i l e d  d i s c u s s i o n  of t he  d a t a  e v a l u a t i o n  procedure 

A s  can be  seen from t h e  f i g u r e s ,  t h e  exper imenta l  m u l t i p l i e r s  a g r e e  

w e l l  w i t h  t h e  homogeneous model p r e d i c t i o n ,  f a l l i n g  somewhat lower 

than  the  M a r t i n e l l i  p r e d i c t i o n .  Ne i the r  p r e d i c t i o n  i s  v a l i d  above 

100% e x i t  q u a l i t y ,  t hus  t h e  exper imenta l  p o i n t s  ob ta ined  above 100% 

e x i t  q u a l i t y  should no t  be compared w i t h  t heo ry .  

The experimental  f r i c t i o n a l  p r e s s u r e  drop m u l t i p l i e r s  a r e  expected 

t o  be somewhat low. The proper  s l i p  r a t i o  t o  employ i n  t h e  momentum 

p r e s s u r e  d rop  c o r r e c t i o n  i s  n o t  known at; t h i s  t ime.  A s l i p  r a t i o  of 

1.0 was used, which i s  thought  t o  g i v e  the  h i g h e s t  va lue  to the  momen- 

tum p r e s s u r e  drop.  

-14- 
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A s  can be seen from Table C-4 of Appendix C y  t h e  momentum cor-  

r e c t i o n  i s  approximately 20% of the  t o t a l  p r e s s u r e  drop, t hus  t h e  

c o r r e c t e d  va lues  could be low by t h i s  amount. 

B o i l i n g  Potassium Heat T rans fe r  C o e f f i c i e n t s .  Overa l l  b o i l i n g  

h e a t  t r a n s f e r  c o e f f i c i e n t s  have been c a l c u l a t e d  from t h e  two-inch 

p i t c h  i n s e r t  b o i l i n g  d a t a .  The va lues  a r e  l i s t e d  i n  Table C - 4  of 

Appendix C and t h e  c a l c u l a t i o n a l  procedure i s  g iven  i n  Appendix D. 

Average b o i l i n g  potassium h e a t  t r a n s f e r  c o e f f i c i e n t s  ( h K )  are  

ob ta ined  from t h e  o v e r a l l  b o i l i n g  c o e f f i c i e n t s  (UoB) ax fo l lows ,  

where hNa i s  the  sodium c o e f f i c i e n t  as o b t a i s e d  from Equat ion (8)  

and kw i s  t h e  thermal  conduc t iv i ty  of t h e  b o i l e r  tube.  
n 

I 

Using r e s i s t a n c e  symbols for t h e  t h r e e  terms on t h e  r i g h t  s i d e  or' 

Equat ion (10)  above, i t  can be w r i t t e n  as f o l l o w s :  

1 - 
- ROB - RNa - Rw 

- 
hK 

The procedure i s  i l l u s t r a t e d  i n  F igu res  11 and 12,  where t h e  

experimental ~ra-l_~-ips nf ROB 21-e p lc t t ec !  versus z x i t  c juz l l t y  fzlr the 

two temperatures  of ope ra t ion .  

h e l d  e s s e n t i a l l y  c o n s t a n t  during t h e  experiments ,  a r e  a l s o  shown. 

The va lues  of RNa and Rw, which were 

-15- 



The va lues  of t h e  average b o i l i n g  h e a t  t r a n s f e r  c o e f f i c i e n t  hK 

ob ta ined  from the exper imenta l  va lues  o f  UoB and equa t ion  (10)  a r e  

p l o t t e d  i n  F igures  13 and 14, A s  can be seen from t h e  F igu res ,  t he  

e f f e c t  of potassium mass v e l o c i t y  i s  small. The h e a t  t r a n s f e r  coef-  

f i c i e n t  appa ren t ly  i n c r e a s e s  w i t h  i n c r e a s i n g  b o i l i n g  p r e s s u r e ,  how- 

e v e r ,  as  t h e  ma jo r i ty  of  t h e  va lues  p re sen ted  i n  F igure  13 (170OOF 

b o i l i n g  temperature)  a r e  h i g h e r  than  those  p re sen ted  i n  F igu re  14 

(155OOF b o i l i n g  t empera tu re ) .  

t r a n s f e r  c o e f f i c i e n t  w i t h  p r e s s u r e  was observed i n  t h e  n o - i n s e r t  

d a t a  p re sen ted  i n  Reference 4. 
r e s i s t a n c e  becomes l a r g e  f o r  small r e s i s t a n c e s  ( o r  l a r g e  h e a t  t r a n s f e r  

c o e f f i c i e n t s )  due to the reduced accuracy  i n  t h e  d i f f e r e n c e  between 

two l a r g e  numbers a s  t he  d i f f e r e n c e  becomes small ( e q u a t i o n  ll), 

Assuming on ly  5% s c a t t e r  i n  a measured UoB of 2000 and fur thermore  

assuming 5% u n c e r t a i n t y  i n  (RNa + R w ) ,  t h e  u n c e r t a i n t y  i n  hK r i s e s  

from 15% to 67% as hK i n c r e a s e s  from 5,000 to 20,000. 

This same t r e n d  of b o i l i n g  h e a t  

The s c a t t e r  i n  t h e  b o i l i n g  potassium 

The b e s t  manner of de te rmining  t h e  average  b o i l i n g  tempera ture  

d i f f e r e n c e ,  which i s  used i n  the  c a l c u l a t i o n  of UOB as d e s c r i b e d  i n  

Appendix D has no t  y e t  been e s t a b l i s h e d .  UOB and hK have been c a l -  

c u l a t e d  f o r  both t h e  a r i t h m e t i c  and l o g a r i t h m i c  average  b o i l i n g  

temperature  d i f f e r e n c e .  The va lues  c a l c u l a t e d  f o r  bo th  ave rages  

a r e  p re sen ted  i n  Table C - 4  of Appendix C ;  o n l y  t h e  va lues  based 

on t h e  a r i t h m e t i c  average,  however, a r e  p l o t t e d .  

-16- 
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T e s t  P l ann ing  

A b o i l i n g  t e s t  p l a n  f o r  the 3/4-inch OD b o i l e r  t ube  c o n t a i n i n g  a 

4-inch p i t c h  (P/D = 6 )  h e l i c a l  i n s e r t  i s  p r e s e n t e d  fo l lowing .  The 

data ob ta ined  with t h e  1.0-inch OD tube c o n t a i n i n g  2.0 and 5.5-inch I 

p i t c h  i n s e r t s  have shown t h a t  t h e  potass ium f low r a t e  h a s  a minor I 

e f f e c t  on b o t h  t h e  h e a t  t ransfer  and p r e s s u r e  drop  r e s u l t s  (e .g . ,  

see F i g u r e s  9, 1.0, 13 and 14.  For t h i s  reason ,  items 1 and 2 o f  t h e  

t e s t  p l a n  p rov ide  t h a t  t h e  potassium e x i t  q u a l i t y  w i l l  be v a r i e d  f o r  

o n l y  one potassium f low-ra te  a t  t h e  two b o i l i n g  tempera tures  s p e c i f i e d .  

A d d i t i o n a l  data p o i n t s ,  as  s p e c i f i e d  by items 3 and 4 of the  

p l a n ,  w i l l  be ob ta ined  t o  determine under which c o n d i t i o n s  t h e  

t r a n s i t i o n  from n u c l e a t e  t o  f i l m  b o i l i n g  occur s  w i t h  t h e  new t e s t  

s e c t i o n .  

300 KW BOILING TEST PLAN 

(3/4-inch OD Tube with b i n c h  P i t c h  I n s e r t )  

I tem 

1 

- 

3 

3 

4 

Sodium 
Flowra te  
lb / sec  . 

5 

G 
A 

1-6 

2 

Potassium Potassium E x i t  
F lowra te  E x i t  Temp, Q u a l i t y  
lb / sec .  O F  L 

0.1 1700 0-75 
>75 

0.1 1550 90 

Approx. No. 
of 

Data 

5 
5 

5 
5 
7 

15 

-1 7- 



T T T  -I nn 111. I U U  PROJECT 

J, A ,  Bond 

The 100 KW f a c i l i t y  i s  a s i n g l e  loop system used to s t u d y  h e a t  

t r a n s f e r  to b o i l i n g  a l k a l i  m e t a l s  a t  tempera tures  up to 2200°F, 

The r a d i a n t  hea t ed  b o i l i n g  t e s t  s e c t i o n  i s  a v e r t i c a l  s e c t i o n  of  

3/4-inchy schedule  80, C b - l % Z r  p ipe .  Thermocouples are a t t a c h e d  

a long  t h e  o u t e r  w a l l  of t h e  t e s t  s e c t i o n  a t  i n t e r v a l s  of approxi -  

mate ly  +inches.  A p r e b o i l e r ,  l o c a t e d  upstream of and i n  s e r i e s  

w i th  t h e  t e s t  s e c t i o n ,  c o n t r o l s  t h e  q u a l i t y  of t h e  f l u i d  e n t e r i n g  

t h e  t e s t  s e c t i o n .  The working f l u i d  i s  potassium. 

S t a t u s  of Loop and T e s t  Sec t ion  

Modif ica t ion  of t h e  100 KW loop,  as d e s c r i b e d  i n  Reference 2 

was completed and shakedown o p e r a t i o n  was s t a r t e d  d u r i n g  t h e  t h i r d  

week of August, A s  o u t l i n e d  i n  Reference 2,  t h e  main o b j e c t i v e  o f  

t h i s  mod i f i ca t ion  was t o  i n c r e a s e  t h e  range and c o n t r o l  of t e s t  

v a r i a b l e s  t h a t  can be accomplished, I n  p a r t i c u l a r ,  by c o n t r o l  of 

t h e  power i n  t h e  new p r e b o i l e r  independent of t h e  t es t  s e c t i o n  power, 

as provided by L I I ~  rrloull I C ~ L I U L I ,  q u a l i t y  at t h e  t e s t  s e c t i o n  e x l t  

and t e s t  s e c t i o n  h e a t  f l u x  can be v a r i e d  independent ly  o f  each o t h e r ,  

Thus, f o r  example, t e s t s  can be made a t  cons t an t  f low and s a t u r a t i o n  

tempera ture  f o r  va r ious  cons t an t  h e a t  f l u x e s  ove r  a range of q u a l i t i e s  

up to approximately loo$, o r  as l i m i t e d  by onse t  of t h e  c r i t i c a l  h e a t  

f l u x  c o n d i t i o n  ( f i l m  b o i l i n g ) .  

L1- - -3 _. n2 - - I? - .- 
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The loop  mod i f i ca t ion  inc luded  t h e  fo l lowing  major changes : 

1, The p rev ious ly  employed dump t ank  h a s  been r e p l a c e d  by a new 

I t ank  a long  w i t h  a s s o c i a t e d  p ip ing ,  and a n  i s o l a t i o n  va lve  

between the  dump tank  and loop was added. 

2. The Cb-l%Zr p ip ing  between t h e  E. M. pump d i scha rge  and t h e  

condenser i n l e t  has  been removed and r ep laced  wi th  a new 

p i p i n g  system inc lud ing  a p r e b o i l e r  c o i l  upstream of t h e  

new t e s t  s e c t i o n .  

F u r t h e r  d e t a i l s  of t h e  loop mod i f i ca t ion  a r e  conta ined  i n  

S e c t i o n  V of t h i s  r e p o r t .  

I Before  s t a r t - u p  of  t h e  loop, t e s t s  were performed t o  determine t h e  

h e a t  loss from t h e  p r e b o i l e r  and t e s t  s e c t i o n  r a d i a t i o n  s h i e l d  cases .  

The r e s u l t s  of t h e s e  tes ts  a r e  p r e s e n t e d  i n  F igu res  15 and 16. 

S e v e r a l  shutdowns were r e q u i r e d  s i n c e  t h e  loop was p laced  i n  

o p e r a t i o n  d u e  t o :  1) e l e c t r i c a l  s h o r t s  i n  the  t e s t  s e c t i o n  h e a t e r  

e lement;  2 )  e r r a t i c  flow s i g n a l s ,  and 3) f a i l u r e s  of t h e  p r e b o i l e r  

h e a t e r  element.  The e l e c t r i c a l  s h o r t  problem was e l i m i n a t e d  by 

g r i n d i n g  away a p o r t i o n  of t h e  upper tungs t en  e l e c t r o d e  p l a t e s  to 

prevent  touching. The flow s i g n a l  problem was found t o  be due to 

d e f e c t i v e  j o i n t s  between t h e  Cb- lsZr  f lowmeter w i r e s  and t h e  copper 

leadout  w i re s .  The d e f e c t i v e  j o i n t s  were c u t  o u t  and r ep laced .  
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The p r i n c i p a l  cause of loop shutdown has been due to f a i l u r e s  

of t h e  p r e b o i l e r  h e a t e r  element. Two tantalum s h e e t  h e a t e r s  have 

f a i l e d ,  Although t h e  e f f e c t i v e  average  temperature  of t h e s e  h e a t e r s  

never  exceeded ~ J U U  r, the  f a i l u r e s  were a p p a r e n t l y  caused by l o c a l  

ove rhea t ing  of  t h e  tantalum near t h e  bottom of t he  h e a t e r .  A new 

h e a t e r  was then f a b r i c a t e d  from 0.006-inch tungs t en  s h e e t .  F a i l u r e  

of t h i s  h e a t e r  was caused by  a sudden surge of power which broke 

the b r i t t l e  tungs ten ,  A new tungs ten  h e a t e r  has  been f a b r i c a t e d  

from c o i l e d  tungs ten  wire .  Due t o  t h e  f l e x i b i l i t y  of t h e  c o i l s ,  

t h i s  h e a t e r  w i l l  no t  be as f r a g i l e  as  t h e  tungs t en  s h e e t  des ign  

-.-nno, 

'and should have long l i fe , ,  

A t o t a l  o f  23 s t a b l e  b o i l i n g  p o i n t s  were ob ta ined  du r ing  the  

i n t i a l  shakedown runs ,  i nc reas ing  t h e  hours  of o p e r a t i o n  f r o m  3814 

to 3935. The s t a b i l i t y  c h a r a c t e r i s t i c s  o f  t he  modif ied loop appear  

to be about  t h e  same as before  mod i f i ca t ion ,  based on l i m i t e d  oper- 

a t i o n  s i n c e  mod i f i ca t ion .  

S t a t u s  o f  Data Reduction 

A new computer program, w r i t t e n  to reduce t h e  d a t a  from the  

modif ied f a c i l i t y ,  has  been checked ou t  and a l l  b o i l i n g  d a t a  

taken  du r ing  the  p r e s e n t  r e p o r t i n g  p e r i o d  have been reduced. 
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1 S t a t u s  of Data Evalua t ion  

Heat Loss T e s t s o  The new p r e b o i l e r  and t h e  t e s t  s e c t i o n  a r e  

s 
I 
s 
1 
1 
6 
t 

i n s u l a t e d  w i t h  r a d i a t i o n  s h i e l d s  c o n s i s t i n g  of f i v e  c o n c e n t r i c  

tantalum s h e e t s  enc losed  i n  s t a i n l e s s  s t e e l  ca ses .  The purpose 

of  t h e  h e a t  loss t e s t s  was t o  determine t h e  r e l a t i o n s h i p  between 

t h e  h e a t  l o s s  and temperature  of  t he  o u t e r  s u r f a c e  of t h e  r a d i a t i o n  

cases .  

Each r a d i a t i o n  case,  enc los ing  i t s  h e a t e r ,  was mounted i n  i t s  normal 

p o s i t i o n  w i t h i n  t h e  vacuum chamber. 

power was supp l i ed  to t h e  h e a t e r s  and t h e  corresponding s t e a d y  s t a t e  

r a d i a t i o n  s h i e l d  case tempera tures  were measured. 

These t e s t s  were conducted whi le  t h e  loop  p ip ing  was removed. 

With t h e  vacuum chamber evacuated,  

This  procedure was 

r e p e a t e d  a t  s e v e r a l  power l e v e l s  and s i n c e  a l l  t h e  power supp l i ed  was 

l o s t  through t h e  s h i e l d s ,  a d i r e c t  c o r r e l a t i o n  of h e a t  loss as  a func- 

t i o n  o f  temperature  was obta ined .  

The temperature  of each case was measured a t  s i x  l o c a t i o n s .  The 

temperature  used i n  t h e  h e a t  loss c o r r e l a t i o n s  i s  a weighted average ,  

T .  of t h e  s i x  measured v a l u e s :  
4 

A 
T (OF) = \ 2 

b I 

where t h e  Ti a r e  t h e  s i x  measured tempera tures  i n  degrees  Rankine. 

The r e s u l t s  of  t h e  p r e b o i l e r  h e a t  l o s s  t e s t  a r e  p re sen ted  i n  F igure  

15 and F igure  16 shows the  r e s u l t s  of t h e  t e s t  s e c t i o n  h e a t  loss 

c a l i b r a t i o n .  
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O r i f i c e  C a l i b r a t i o n  Tes ts .  An o r i f i c e  (0.067-inch h o l e ) ,  l o c a t e d  

a t  t h e  i n l e t  of t h e  p r e b o i l e r ,  i n c r e a s e s  t h e  l i q u i d  phase p r e s s u r e  

drop  and s e r v e s  to promote system s t a b i l i t y .  P r e s s u r e  t a p s  are  loc-  

a t e d  I J T J S ~ ~ ~ = ) ~  2nd downstrear?, =f t h e  = r i f i c c .  A ~ - T , - I - -  l a y s v s  auDul’icte o&--’ piles- 

s u r e  t r a n s d u c e r  i s  c u r r e n t l y  on o rde r .  

upstream t a p  f o r  use i n  conjunct ion w i t h  measurements of downstream 

p r e s s u r e  by thermocouples i n  t h e  b o i l i n g  r e g i o n  ( s a t u r a t i o n  p r e s s u r e )  

to enable  a check on t h e  E. M, flowmeter to be made, based on t h e  

o r i f i c e  p r e s s u r e  drop. 

T h i s  w i l l  be i n s t a l l e d  a t  t h e  

Ila o r d e r  to use t h e  o r i f i c e  as a flow meter ing  device ,  i t s  p res -  

s u r e  drop  flow c h a r a c t e r i s t i c s  m u s t  be known, 

t e s t s  as a f u n c t i o n  of flow r a t e  have been conducted to determine 

t h i s  c h a r a c t e r i s t i c  f o r  t he  100 KW loop o r i f i c e ,  The a c t u a l  loop 

p i p i n g  and o r i f i c e  were s imulated i n  a water t e s t  r i g ,  The water  

p r e s s u r e  drop  a c r o s s  t h e  o r i f i c e  was measured w i t h  a mercury mano- 

meter  and t h e  l i q u i d  flow r a t e  determined by  t h e  weight  of wate r  flow- 

i n g  for a measured time. 

F i g u r e s  17 and 18. 

as a f u n c t i o n  of water flow r a t e .  

18 wi th  t h e  o r i f i c e  flow c o e f f i c i e n t  as  a f u n c t i o n  of Reynclds number, 

The flow c o e f f i c i e n t ,  e , i s  d e f i n e d  by Reference 6 :  

Water p r e s s u r e  drop  

. 

The r e s u l t s  of t h e s e  t e s t s  a r e  p re sen ted  il? 

Figure  17 i s  a p l o t  of t h e  measured p r e s s u r e  d rop  

These d a t a  a r e  r e p l o t t e d  i n  F igu re  

where, 

W = Flow ra te ,  lbm/sec 

a = O r i f i c e  c r o s s  s e c t i o n a l  area, f t 2  
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lbm-f t 
2 = Constant = 32,2 

l b f - see  g0 

P = Flu id  d e n s i t y ,  l bm/ f t3  

Ai? = O r i f i c e  p r e s s u r e  drop,  l b f / f t 2  

B o i l i n g  Potassium Data. The r e s u l t s  of i n i t i a l  b o i l i n g  t e s t s  

performed i n  the modified loop du r ing  shakedown o p e r a t i o n  a re  tab- 

u l a t e d  i n  Appendix E,  Table E-1. An ins t rumen ta t ion  l i s t  (showing 

t e s t  s e c t i o n  thermocouple l o c a t i o n s )  a long  w i t h  a t a b l e  key preceeds  

the  t a b u l a t e d  da ta .  The ranges of variables covered i n  t h e s e  t e s t s  

I 
1 
I 
8 
0 
8 
I 

a r e  : 

29,300 t o  57,100 2 Tes t  Sec t ion  Heat Flux, Btu /hr - f t  

T e s t  Sec t ion  I n l e t  Q u a l i t y ,  $ 0 t o  36 

T e s t  Sec t ion  O u t l e t  Q u a l i t y ,  % 14 t o  51 

T e s t  Sec t ion  E x i t  Temperature, OF 1749 t o  1827 
Mass Veloc i ty ,  lbm/hP-ft* 41,400 to 46,100 

The t e s t  procedure used f o r  t h e s e  d a t a  was t o  hold  t h e  flow r a t e ,  

p r e s s u r e  and hea t  f l u x  cons t an t  whi le  t h e  t e s t  s e c t i o n  i n l e t  q u a l i t y  

was i n c r e a s e d  by i n c r e a s i n g  t h e  power to t h e  p r e b o i l e r .  T e s t i n g  w a s  

l i m i t e d  by mechanical f a i l u r e s ,  d e s c r i b e d  above, and by o n s e t  of 

system i n s t a b i l i t y  a t  t h e  h ighe r  vapor q u a l i t i e s ,  as  mani fes ted  by 

flow, temperature and dump t ank  l e v e l  o s c i l l a t i o n s .  Subsequent t o  

t h e s e  t e s t s  a p r e h e a t e r  was i n s t a l l e d  upstream of  t h e  o r i f i c e  ( s e e  

S e c t i o n  V) f o r  t he  purpose of ex tending  t h e  range of s t a b l e  o p e r a t i o n  

by t h e  method o f  inducing f l a s h i n g  a t  t h e  o r i f i c e  d i s c h a r g e p  
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Figure  19 i s  a p l o t  of the l o c a l  h e a t  t r a n s f e r  c o e f f i c i e n t  a t  t h e  

t e s t  s e c t i o n  o u t l e t  a s  a func t ion  of  t e s t  s e c t i o n  e x i t  q u a l i t y ,  The 

f low r a t e  and p res su re  are cons tan t  f o r  t h e s e  data. Two t e s t  s e c t i o n  

hea t  f l u x e s  a r e  included.  There appears t o  be a h e a t  f l u x  e f f e c t  

over  t he  l i m i t e d  range of da ta  taken.  Use o f  t h e  p r e b o i l e r  t o  con- 

t r o l  t h e  t e s t  s e c t i o n  i n l e t  q u a l i t y  independent  of t h e  t e s t  s e c t i o n  

h e a t  f l u x  a l lows  one t o  sepa ra t e  t h e  e f f e c t s  of  h e a t  f l u x  and q u a l i t y  

as d e s c r i b e d  ir! Reference 2 ,  

v a r i a b l e s  should r e v e a l  these e f f e c t s .  

F u r t h e r  t e s t i n g  over  wider  ranges o f  

L i q u i d  Sodium Data. In  Reference 1, seven l i q u i d  sodium p o i n t s ,  

t aken  dur ing  i n i t i a l  ope ra t ion  of t h e  100 KW loop,  were p re sen ted  

i n  g r a p h i c a l  form. This da t a  i s  t a b u l a t e d  i n  Appendix E, Table E-2. 

T e s t  Planning. .  

The p l a n  f o r  i n i t i a l  b o i l i n g  r u n s  i n  t he  100 KW loop  w i t h  t h e  

c u r r e n t l y  i n s t a l l e d  3/4-inch smooth tube  t e s t  s e c t i o n  w i t h o u t  i n s e r t  

i s  p r e s e n t e d  i n  Table 1. The f low r a t e  and t e s t  s e c t i o n  o u t l e t  

t empera ture  w i l l  be he ld  cons tan t .  A t e s t  s e c t i o n  h e a t  f l u x  w i l l  

be s e t  and p r e b o i l e r  power increased  t o  vary t e s t  s e c t i o n  e x i t  

q u a l i t y  up t o  n e a r  100% o r  u n t i l  t he  c r i t i c a l  h e a t  f l u x  i s  reached 

i n  e i t h e r  t h e  p r e b o i l e r  o r  the t e s t  s e c t i o n .  This  procedure  w i l l  be 

r e p e a t e d  f o r  d i f f e r e n t  t e s t  s e c t i o n  h e a t  f l u x e s  and then  a g a i n  for 

d i f f e r e n t  f l o w  r a t e s  and o u t l e t  t empera tures ,  grouped as i n d i c a t e d  

i n  Table  1. 

- 
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I V .  50 KW PROJECT 

S, G .  Sawochka 

S t a t u s  of Loop and T e s t  Sec t ion  

During t h i s  q u a r t e r  a s u b s t a n t i a l  amount of mod i f i ca t ion  has  

been made to t h e  f a c i l i t y .  A review of t h e s e  m o d i f i c a t i o n s  i s  

p r e s e n t e d  i n  S e c t i o n  V o f  t h i s  r e p o r t ?  A f t e r  i n s t a l l a t i o n  of t h e  

new h e l i c a l  i n d u c t i o n  pump i n  t h e  potassium loop  e a r l y  i n  Ju ly ,  

some condensing o p e r a t i o n  was ob ta ined  between J u l y  2 1  and J u l y  24. 
The t e s t  s e c t i o n  i n s t a l l e d  i n  t h e  f a c i l i t y  a t  t h a t  t ime was t h e  

s l o t t e d  and brazed  5/8-inch I D  s e c t i o n  wi th  f o u r  w a l l  thermocouples 

a t  each  of  two l o c a t i o n s  func t ion ing ,  Th i r ty - fou r  condensing d a t a  

p o i n t s  were ob ta ined  wi th  t h i s  t e s t  s e c t i o n ,  Recurren t  plugging 

problems i n  the  potassium loop r e q u i r e d  t h a t  t h e  f a c i l i t y  be s h u t  

down on J u l y  24, a t  which time t h e  f a c i l i t y  mod i f i ca t ions  in tended  

to e l i m i n a t e  plugging problems and to improve l o o p  o p e r a t i n g  c h a r a c t -  

e r i s t i c s  were begun as d i scussed  i n  S e c t i o n  V of t h i s  r e p o r t .  The 

m o d i f i c a t i o n s  were completed and t h e  new 5/8-inch I D  t e s t  s e c t i o n  w i t h  

5 d r i l l e d  0,050-inch I D ,  9-inch long thermocouple l ioles  a t  each end 

was i n s t a l l e d  i n  e a r l y  September, Approximately 41  condensing d a t a  

p o i n t s  were ob ta ined  w i t h  t h e  new 5/8-inch tube t e s t  s e c t i o n  wi thou t  

i n s e r t  between September 13 and 15 a t  b o i l e r  powers up to 30 KW and 

potass ium vapor temperatures  up to 1450°F Fcillowing completion of 

t h i s  s e r i e s  of t e s t s  t he  f a c i l i t y  was s h u t  down and a t w i s t e d  ri’bbon 
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i n s e r t  of p i tch /d iameter  r a t i o  = 6 was i n s t a l l e d  i n  t h e  t e s t  s e c t i o n .  

Tes t ing  w i t h  t h i s  i n s e r t  i s  expected t o  begin  e a r l y  i n  October.  

S t a t u s  of Data Reduction 

The condensing d a t a  t h a t  were ob ta ined  i n  J u l y ,  1964 were reduced 
i 

us ing  t h e  c a l c u l a t i o n a l  procedures  of Reference I n  a d d i t i o n ,  a 

c o r r e c t i o n  was a p p l i e d  t o  t he  i n l e t  vapor tempera ture  t o  provide  f o r  

t h e  p r e s s u r e  drop p r i o r  t o  t he  beginning of t h e  condensing l e n g t h .  

T h i s  c o r r e c t i o n  i s  d i scussed  below. The r e s u l t s  a r e  p re sen ted  i n  

Table F-2 of Appendix F ,  The p r e v i o u s l y  r e p o r t e d  d a t a  have a l s o  

been c o r r e c t e d  f o r  p r e s s u r e  drop p r i o r  t o  t h e  t e s t  s e c t i o n  a c t i v e  

l eng th ,  and t h e  r e s u l t s  a r e  p re sen ted  i n  Tables  F-4 and F-6 of Appen- 

d i x  F. A l l  of  t h e  d a t a ,  c o r r e c t e d  on t h i s  b a s i s ,  a r e  p r e s e n t e d  i n  

F igu res  20 and 21. Add i t iona l  d a t a ,  t aken  i n  September, a r e  i n  the 

p rocess  of being reduced and w i l l  be r e p o r t e d  i n  the  next  Q u a r t e r l y  

Progress  Report. 

The condensing d a t a  t h a t  a r e  p r e s e n t e d  i n  t h i s  r e p o r t  encompass 

I 
D 
I 
E 

t h e  fo l lowing  range of v a r i a b l e s  : 

Potassium f lowra te ,  l b s / sec  .003 t o  .013 

Sodium f lowra te ,  l b s / sec  .502 t o  1.29 

P o t a s s i u m  condenser i n l e t  temp, 0 F 1130 t o  1312 

E 
6 

P o t a s s i u m  condensing h e a t  t r a n s f e r  
c o e f f i c i e n t ,  Btu /hr - f t2  OF 6600 t o  22,400 

Condensing hea t  f l u x ,  Btu /hr - f t  2 1.7 t o  9.5(104) 

Q u a l i t y  range, % 25 t o  87 

to 46 L/D range 13 

4-il 

2 v 3  
.0185 to .0625 h o  Nusse l t  condensing r a t i o  'i; (7) 

Film Reynolds number, - t o  2500 220 
Net Power, Kw 
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S t a t u s  of Data Eva lua t ion  

Determinat ion of t h e  Potassium Vapor Temperature a t  t h e  Beginning 

of t h e  Condensing Length. The assumption made i n  e a r l i e r  d a t a  r e -  

d u c t i o n s  t h a t  t h e  measured i n l e t  potassium vapor tempera ture  g i v e s  

a n  a c c u r a t e  va lue  of t h e  potassium tempera ture  a t  t h e  beginning of 

t h e  condensing l e n g t h  was i n v e s t i g a t e d  and found t o  be a source  of 

s e r i o u s  e r r o r  i n  t h e  c a l c u l a t i o n  of t h e  condensing h e a t  t r a n s f e r  

c o e f f i c i e n t ,  due to t h e  p re s su re  drop  between t h e  i n l e t  potassium 

temperature  measuring probe and t h e  beginning of t h e  t e s t  s e c t i o n  

a c t i v e  l e n g t h ,  

and t h e  beginning of t h e  condenser l e n g t h  can be c a l c u l a t e d  from 

Equat ion 1, which i s  a p p l i c a b l e  p r i o r  to t h e  beginning of t h e  t e s t  

s e c t i o n  a c t i v e  l eng th  s i n c e  the s a t u r a t e d  vapor can be t r e a t e d  as a 

s i n g l e  phase f l u i d .  

The p r e s s u r e  drop,  API, between t h e  end of t h e  probe 

CT n 

where f i s  g iven  by Equat ion ( 2 )  and Lp/Dp i s  s e t  by t h e  d i s t a n c e  of  

t he  probe, Lp, from t h e  t e s t  s e c t i o n  i n l e t  and t h e  d iameter  of t h e  

t u b e ,  Dp, preceeding t h e  t e s t  s e c t i o n .  

Af t e r  de t e rmina t ion  of t h i s  p re s su re  drop, t h e  dec rease  o f  t h e  po ta s -  

s i u m  s a t u r a t i o n  tempera ture ,  ATKI, between t h e  probe and t h e  begin-  

n ing  of t h e  condensing length  i s  determined f rom Equat ion ( 3 ) 8  

= np (E) 
aTKI  I dP 

( 3 )  



The probe potassium i n l e t  temperature  was then  c o r r e c t e d  as shown 

i n  Equat ion (4,). 

A l l  of t h e  condensing d a t a  t h a t  has  been ob ta ined  to d a t e  was then  

r e -eva lua ted  using a c o r r e c t e d  potassium i n l e t  vapor temperature  a s  

d i scussed  above, and t h e  r e -eva lua ted  r e s u l t s  are  p resen ted  i n  Tables  

F-4 ,and  F-6 of Appendix F and i n  F igu res  20 and 21. 

A r e s u l t  of t h i s  procedure,  when a p p l i e d  t o  t h e  condensing d a t a  

of December, 1963, was t h e  e l i m i n a t i o n  of  t h e  i n i t i a l l y  i n d i c a t e d  

dependence of the condensing h e a t  t r a n s f e r  c o e f f i c i e n t  on potassium 

vapor temperature  a t  a cons t an t  l i q u i d  f i l m  Reynolds number. T h i s  

dependence had l e a d  to t h e  p o s t u l a t i o n  of  a temperature  dependent 

thermal  r e s i s t a n c e  e i t h e r  a t  t he  l iqu id-vapor  i n t e r f a c e  or w i t h i n  

t h e  vapor i t s e l f .  This  dependence on tempera ture  i s  no longe r  i n d i -  

ca t ed  by t h e  r e c a l c u l a t e d  r e s u l t s .  However, t h e  p o s s i b i l i t y  remains 

t h a t  t h e r e  i s  a thermal  r e s i s t a n c e  a t  t h e  i n t e r f a c e  which i s  r e l a t i v e l y  

independent of temperature  l e v e l .  A s  i s  d i s c u s s e d  below, t h i s  a d d i t -  

i o n a l  thermal  r e s i s t a n c e ,  even if i t  i s  p r e s e n t ,  w i l l  be d i f f i c u l t  to 

q u a n t i t a t i v e l y  determine w i t h  t he  p r e s e n t  d a t a  due t o  t h e  inaccuracy  

i n h e r e n t  i n  t h e  c a l c u l a t i o n  of t h e  l o c a l  potassium vapor tempera ture .  

_ .  

A n a l y t i c a l  Determination of t h e  Potassium Axia l  Temperature 

D i s t r i b u t i o n .  I n  a n  e f f o r t  to determine t h e  p o s s i b l e  e r r o r  i n  t h e  

condensing hea t  t r a n s f e r  c o e f f i c i e n t  a s s o c i a t e d  w i t h  t h e  assumption 

of a l i n e a r  potassium tempera ture  p r o f i l e  a long  the  condensing l e n g t h ,  
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t h e  a x i a l  p r e s s u r e  d i s t r i b u t i o n  was a n a l y t i c a l l y  determined f o r  a 

s l i p  r a t i o  of u n i t y  and a s l i p  r a t i o  e q u a l  t o  d m .  The potass ium 
f g  

tempera ture  was then  assumed t o  correspond d i r e c t l y  t o  the c a l c u l a t e d  

s a t u r a t i o n  p r e s s u r e  d i s t r i b u t i o n .  It should  be noted ,  however, t h a t  

t h i s  method does  no t  a l l o w  f o r  the  p o s s i b i l i t y  of a non-equi l ibr ium 

mixture  of monomer, dimer, and t r i m e r  be ing  p r e s e n t  i n  t h e  potassium 

stream. Allowance f o r  t h i s  e f f e c t  i s  no t  p o s s i b l e  a t  t h i s  t ime. 

The method used was based on a n  a n a l y t i c a l  p r e d i c t i o n  of t h e  

momentum and f r i c t i o n a l  components of the  pressure  drop,  w i t h  t h e  

assumption of  a l i n e a r  a x i a l  q u a l i t y  v a r i a t i o n .  

f o r  t h e  pressure d rop  a s s o c i a t e d  w i t h  t h e  p a r t i a l  condensa t ion  of 

s a t u r a t e d  vapor t o  some arbi t rary q u a l i t y  x i s  g i v e n  by Equat ion  5. 
The d e r i v a t i o n  o f  Equat ion  5 i s  g iven  i n  Appendix G ,  P a r t  1: 

The f i n a l  e x p r e s s i o n  

The e f f e c t  of d e n s i t y  head on t h i s  r e l a t i o n  has been neg lec t ed .  

o r d e r  t o  p r e s e n t  g r a p h i c a l l y  the r e s u l t s  f o r  t h e  p r e s s u r e  d i s t r i b u t i o n ,  

Equat ion  5 was rea r r anged  t o  g i v e  Equat ion 7 which i s  composed only of  

d imens ion le s s  groupings .  

In 
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The two-phase f r i c t i o n  m u l t i p l i e r ,  blmX, i s  g iven  by Equat ion  8, 

a s  expla ined  i n  Appendix G ,  P a r t  2 :  

1 + ' x  ( I-Lf 

I-lg 
- -1 

Therefore ,  f o r  any g i v e n  condensing tempera ture  and l i q u i d  Reynolds 

number, t h e  t o t a l  d imens ionless  condensing p r e s s u r e  d rop  i s  g i v e n  by 

e v a l u a t i n g  Equation ( 7 )  a t  t h e  condenser  e x i t ,  f o r  which x = o and, 

from Equat ion (6), p - p f ,  which o b t a i n s  Equat ion  ( 9 ) .  A -  

c 9) 

Consequently, f o r  any  g i v e n  condensing tempecature  and l i q u i d  Reynolds 

number, t h e  d imens ionless  a x i a l  p r e s s u r e  d i s t r i b u t i o n  f o r  p a r t i a l  con- 

d e n s a t i o n  t o  some a r b i t r a r y  q u a l i t y  X i s  g iven  by Equat ion  10. 

Assuming as a n  i d e a l i z a t i o n ,  f o r  small changes i n  p r e s s u r e ,  t h a t  t h e  

s a t u r a t i o n  temperature  var ies  l i n e a r l y  w i t h  p r e s s u r e ,  t h e  r e l a t i o n  of 

Equat ion 10 a l s o  may be r e w r i t t e n  i n  terms of  potass ium s a t u r a t i o n  

tempera ture  as shown i n  Equat ion 11. 

1 
I 
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Therefore ,  for cons tan t  v a l u e s  of' t h e  l i q u i d  Reynolds number and 

condensing temperature ,  a dimensionless  temperature  d i s t r i b u t i o n  

can be obta ined  and compared to t he  l i n e a r  d i s t r i b u t i o n  t h a t  h a s  

been assumed dur ing  t h e  c a l c u l a t i o n  procedures .  The r e s u l t s  a r e  

shown i n  F l g u r e  22 and 23 f o r  a l i q u i d  Reynolds number o f  2,000 

a t  tempera tures  of 1100 and 1500°F f o r  a s l i p  r a t i o  o f  u n i t y  and 

f o r  a s l i p  r a t i o  of ./p7p. 
24 and 25 f o r  a l i q u i d  Reynolds number of 10,000. 

from F igures  22 through 25, the  potassium a x i a l  temperature  d i s -  

t r i b u t i o n ,  a l though r e l a t i v e l y  independent of t h e  l i q u i d  Reynolds 

number and s a t u r a t i o n  temperature,  i s  a s t r o n g  f u n c t i o n  of t h e  

The same r e s u l t s  a r e  shown i n  F igu res  
f g  

A s  can be seen 

s l i p  occur r ing  du r ing  t h e  condensing process ,  and hence carmot be 

c a l c u l a t e d  wi th  complete accuracy. However, a n  e s t i m a t e  o f  t,he 

p o s s i b l e  e r r o r  involved i n  the e v a l u a t i o n  of t h e  condensing h e a t  

t r a n s f e r  c o e f f i c i e n t  can be  obta ined  by cons ide r ing  d a t a  run 1, 

as p resen ted  i n  Appendix F-Q7using the  t h r e e  analagous potassium 

a x i a l  temperature  d i s t r i b u t i o n s  as  shown i n  F igu res  22 through 25J 

and e v a l u a t i n g  the  e f f e c t  of  t h i s  change of temperature  p r o f i l e  O P  

t h e  c o n d e n s t n g  h p q t .  t r a n s f e r  cne f f i c . f en t  cf.8 1c.i~?la.t,pd. a . t  t h e  hottom 

p o s i t i o n .  T h i s  p o s i t i o n  a f f o r d s  a b e t t e r  comparison to a n a l y s i s  

s i n c e  a l i n e a r  v a r i a t i o n  of q u a l i t y  w i t h  l e n g t h  i s  a more a c c u r a t e  

assumption for t h e  longer  condensing l eng th .  
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The r e s u l t s  of t h i s  procedure a r e  p r e s e n t e d  below: 

Method of Obtaining Tm : 

h TKB 

1, I n t e r p o l a t i o n  between i n l e t  and o u t l e t  1145 18,300 

2 ,  Use of  P d i s t r i b u t i o n  w i t h  s l i p  r a t i o  = 1 1140.6-187,OOO 

3. Use of P d i s t r i b u t i o n  w i t h  s l i p  r a t i o  =d-i 1145.7 15,900 

Examination of t h e  wide v a r i a t i o n  of  t h e  condensing h e a t  t r a n s f e r  

c o e f f i c i e n t  as shown above w i t h  t h e  assumption of  v a r i o u s  potassium 

a x i a l  temperature p r o f i l e s  makes i t  appa ren t  t h a t  a s e r i o u s  source  

of e r r o r  may be p r e s e n t  i n  t h e  e s t i m a t i o n  of  t h e  l o c a l  potassium 

s a t u r a t i o n  temperature.  

T e s t  Planning 

I n  t h e  ope ra t ion  w i t h  t h e  5/8-inch I D  tube w i t h  t w i s t e d  r ibbon 

i n s e r t , t e s t s  a r e  planned to be run a t  condenser l oads  of 10, 15, 

20, '25, and 30 KW and a t  i n l e t  vapor tempera tures  of 1200, 1300, and 

1450°F, 

Curren t  p lans  are to i n s t a l l  a t a p e r e d  s o l i d  i n s e r t  i n  t h e  

5/8-inch t u b e  a t  t h e  completion of t h e  t w i s t e d  r ibbon t e s t s .  

t ape red  i n s e r t  w i l l  form a n  a n n u l a r  passage f o r  t h e  potassium vapor 

t h a t  w i l l  decrease  uniformly from t h e  5/8-inch I D  t u b e  flow a r e a  t o  

t h a t  formed by t h e  i n s e r t i o n  of a 3/8-inch p lug  i n t o  t h e  5/8-inch 

The 
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I D  t e s t  s e c t i o n  a t  its e x i t  as  p i c t u r e d  below. A similar t e s t  

p l a n  as t h a t  desc r ibed  above f o r  t h e  tw i s t ed  r ibbon i n s e r t  w i l l  

be fol lowed w i t h  t h i s  tapered i n s e r t .  

K I N  

Tapered I n s e r t  
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V. FACILITIES 

J, C ,  Amos 

300 KW Loop 

T h i s  f a c i l i t y  ope ra t ed  577 hour s  d u r i n g  t h i s  q u a r t e r  i n c l u d i n g  

398 hours  under b o i l i n g  cond i t ions ,  complet ing t e s t  runs  w i t h  t h e  

1- inch  tube  t e s t  b o i l e r  w i t h  2-inch p i t c h  and s 0 5 - i n c h  p i t c h  h e l -  

i c a l  i n s e r t s ,  

5 '5- inch p i t c h  t e s t  o p e r a t i o n  d u r i n g  1400°F b o i l i n g  runs .  

L-605, 1- inch  t e s t  b o i l e r  had o p e r a t e d  a t o t a l  of 1 ,423 hour s  

i n c l u d i n g  632 hours  of b o i l i n g  o p e r a t i o n ,  and t h e  300 KW loop  has 

o p e r a t e d  a t o t a l  o f  3,424 hours ,  

f a i l u r e ,  assembly of  a L-605, 3/4-inch t u b e  t e s t  b o i l e r  w i t h  a 

&inch  p i t c h  i n s e r t  was s tar ted us ing  p a r t s  which had p r e v i o u s l y  

been machined f o r  e i t h e r  a 1-inch tube  back up b o i l e r  o r  a 3/4-inch 

t u b e  new b o i l e r .  

September,  F i n a l  i n s t r u m e n t a t i o n  and i n s u l a t i o n  were i n s t a l l e d  and 

t h e  loop was be ing  ho t  f l u shed  a t  t h e  end of t h i s  q u a r t e r  t o  remove 

t h e  sodium from the  potassium system r e s u l t i n g  from t h e  be l lows  

l e a k ,  

t a n k  i n d i c a t e d  t h a t  approximately 130 l b s ,  more l i q u i d  metal was 

removed than  had o r i g i n a l l y  been t ransfer red  t o  t h e  t ank ,  Chemical 

a n a l y s i s  i n d i c a t e d  t h a t  t h e  potassium con ta ined  approximate ly  38% 

A b o i l e r  b e l l o w s  f a i l u r e  occur red  a t  t h e  end of  t h e  

T h i s  

Immediately fo l lowing  t h e  b o i l e r  

T h i s  b o i l e r  was welded i n t o  t h e  loop e a r l y  i n  

Measurements taken  when removing the  potass ium from t h e  dump 
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sodium. Analysis  of samples from t h e  sodium system showed a b o u t  

10 PPM potassium i n d i c a t i n g  t h a t  t h e  l e a k  was e s s e n t i a l l y  a l l  f r o m  

the  sodium s i d e  t o  t h e  potassium s ide .  

During i n s t a l l a t i o n  of t h e  new 3/4-inch tube t e s t  b o i l e r  approxi -  

mately 8 KW of e l e c t r i c a l  p r e h e a t  i n  t h e  form of clam s h e l l  type 

h e a t e r s  was added t o  t h e  potassium i n l e t  l i n e  to t h e  b o i l e r ,  This  

loop  mod i f i ca t ion  w i l l  minimize t h e  thermal  s t r e s s e s  imposed on 

t h e  b o i l e r  bellows and extend t h e  t e s t  o p e r a t i n g  range a t  low po ta s -  

s i u m  flow cond i t ions ,  During t h i s  down time a new plug ,  which has 

s m a l l e r  by-pass flow p a r t s ,  was i n s t a l l e d  i n  t h e  potassium t h r o t t l i n g  

va lve .  This  h igher  flow r e s i s t a n c e  va lve  w i l l  a l l ow o p e r a t i o n  of t h e  

potassium pump a t  h i g h e r  head c o n d i t i o n s  thereby  p u t t i n g  more energy 

i n t o  the  l i q u i d  t o  f u r t h e r  reduce l i q u i d  subcool ing  a t  t h e  potassium 

i n l e t  t o  t h e  b o i l e r .  F igu re  26 shows a 3/4-inch t u b e  t e s t  b o i l e r  

dur ing  assembly and Figure  27 shows t h e  300 KW t e s t  f a c i l i t y  as  

p r e s e n t l y  arranged.  

100 Kw Loop 

Modif ica t ion  of t h i s  f a c i l i t y  as d e s c r i b e d  i n  d e t a i l  i n  Reference 

2 were completed with t h e  excep t ion  of t h e  i n s t a l l a t i o n  of t h e  Taylor  

a b s o l u t e  p re s su re  gage which has no t  been r e c e i v e d  from t h e  vendor, 

and o p e r a t i o n  s t a r t e d  dur ing  August. Heat loss c a l i b r a t i o n s  of t h e  

p r e b o i l e r  and t e s t  b o i l e r  h e a t  s h i e l d s  had p r e v i o u s l y  been completed 

i n  Ju ly  and i n i t i a l  loop o p e r a t i o n  inc luded  shake down and thermo- 

couple  c a l i b r a t i o n  w i t h  l i q u i d  c i r c u l a t i o n .  The loop  ope ra t ed  a 

t o t a l  of 1 2 1  h o u r s  du r ing  t h e  q u a r t e r  i n c l u d i n g  83 hours  under b o i l -  

i ng  c o n d i t i o n s .  Since i n i t i a l  o p e r a t i o n  t h i s  loop  h a s  ope ra t ed  3935 

hours  wi th  l i q u i d  metal  i n  t h e  system. 
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During shake down ope ra t ions  minor i n t e r r u p t i o n s  were requi red  to 

r e p a i r  a s h o r t  c i r c u i t  i n  the t e s t  s e c t i o n  h e a t e r  and an  open flow 

meter  l e a d ,  A major d i f f i c u l t y  was encountered w i t h  t he  p r e b o i l e r  

rad lan t  h z a t e r ,  The f i r s t  h e a t e r  u t i l i z i n g  Q,QQ3-inch t a n t a l ~ m  

r ibbons  f a i l e d  a t  18 KW, A seccnd h e a t e r  of t h e  same d e s i g n  was 

i n s t a l l e d  to a l low con t inua t ion  o f  t e s t i n g  whi le  a hea ter  c o n s t r u c t e d  

of 0 ,006-inch tungs t en  r ibbons was designed and f a b r i c a t e d ,  The 

second tan ta lum h e a t e r  a l s o  f a i l e d  a t  approximate ly  18 KW,; 

t ungs t en  h e a t e r  cracked during s ta r t  up, p o s s i b l y  due t o  a power 

The new 

s u r g e ,  A t h i r d  h e a t e r  des ign  i n c o r p o r a t i n g  tungs t en  c o i l s  used 

s u c c e s s f u l l y  i n  e a r l i e r  p r e h e a t e r s  was designed,  f a b r i c a t e d ,  

i n s t a l l e d  and i s  being checked o u t ,  

I n  a d d i t i o n  to the  l o o p  mod i f i ca t ions  p r e v i o u s l y  d e s c r i b e d  and 

shown i n  F igu res  28, 29, 30 and 31, a p r e h e a t e r  s imi la r  t o  t he  one 

used i n  e a r l i e r  t e s t s  has been i n s t a l l e d  upstream of  the o r i f i c e  t o  

ex tend  t h e  o p e r a t i n g  range of t h e  loop ,  P resen t  arrangement of t h e  

loop  i s  shown i n  F igu re  32. 

50 Kw Loop 

Following i n s t a l l a t i o n  of a new h e l i c a l  i n d u c t i o n  pump i n  t h e  

potassium system, thermocouple c a l i b r a t i o n  runs  were completed and 

approx~mate ly  59 condensing data runs  r ecc rded  w i t h  the  5/8-inch 

n i c k e l  t e s t  s e c t i o n  conta in ing  s l o t t e d  and brazed  thermocouple 

p e n e t r a t i o n s -  Some plugging d i f f i c u l t i e s  were encountered and 

d u r i n g  a h o t  f l u s h i n g  ope ra t ion ,  a l e a k  i n  t h e  potassium b o i l e r  

occu r red  a t  one of  t h e  immersion h e a t e r  f i t t i n g s  i n  t h e  b o i l e r  w a l l .  
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During t h e  down time r e q u i r e d  to r e p a i r  t h e  b o i l e r  t h e  fo l lowing  

a d d i t i o n a l  l o o p  mod i f i ca t ions  were made, 

1. The s l o t t e d  5/8-inch t e s t  s e c t i o n  was rep laced  w i t h  t h e  new 

d r i l l e d  type t e s t  s e c t i o n ,  See F igu res  33, 34, and 350 

2. A d i f f u s i o n  co ld  t r a p  was added t o  t h e  sodium system i n  t h e  

form of  a cold l e g  i n s t a l l e d  between t h e  sodium pump and t h e  

dump t ank ,  

3. A by-pass h o t  t r a p  con ta in ing  approximate ly  4 l b s .  of z i rconium 

was i n s t a l l e d  i n  p a r a l l e l  w i t h  t h e  t e s t  condenser4 See F igu re  

36, This  device w i l l  a l l ow h o t  t r a p p i n g  du r ing  h o t  f l u s h i n g  

operatioi5, t o  remove any oxide formed i n  the  loop ,  

t ypes  of a r t i f i c i a l  n u c l e a t i o n  s i t e s  have been added to t h e  

b o i l e r , ,  These a r e :  

Hot f i n g e r s ,  c o n s i s t i n g  of a 1- inch d i ame te r  s t a i n l e s s  

s t e e l  b a r  con ta in ing  a 0,050-inch d i ame te r  h o l e  and an  

independent ly  c o n t r o l l e d  e l e c t r i c a l  h e a t e r ,  were i n s t a l l e d  

a t  two l o c a t i o n s  on oppos i t e  s i d e s  of t h e  b o i l e r  n e a r  t h e  

b o t  tom 

Sleeves  made of s t a i n l e s s  s t e e l  1- inch long and 0.062-inch 

t h i c k ,  were i n s t a l l e d  on each of t h e  f o u r  bottom row immer- 

s i o n  hea te r s .  

These s l eeves  w i l l  induce l o c a l  h o t  s p o t s  on t h e  heaters  t h a t  

should produce nuc lea t ion .  However, t h e  tempera ture  i s  dependent 

on t h e  power s e t t i n g  and cannot be independent ly  c o n t r o l l e d .  They, 

t h e r e f o r e ,  may not  be e f f e c t i v e  a t  low power s e t t i n g s .  
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Following t h e s e  mod i f i ca t ions ,  condensing data up t o  30 KW 

b o i l e r  power and 1450°F vapor tempera ture  were o b t a i n e d  w i t h  

t h e  5/8-inch d r i l l e d  type t e s t  s e c t i o n  d u r i n g  o p e r a t i o n  i n  

September. The loop  was then s h u t  down, a twisted r ibbon  i n s e r t  

was i n s t a l l e d  i n  t h e  t e s t  condenser and new t e s t  s e c t i o n  thermo- 

coup les  were i n s t a l l e d  for the  nex t  s e r i e s  of runs .  A 3/8-inch 

I D  n i c k e l  t e s t  s e c t i o n  i s  c u r r e n t l y  be ing  assembled and  w i l l  be 

a v a i l a b l e  for i n s t a l l a t i o n  i n  t h e  loop  on complet ion of 5/8-inch 

tube  i n s e r t  t e s t s p  

The 50 KW loop  o p e r a t e d  a t o t a l  of 190 hours  d u r i n g  t h i s  r e p o r t  

q u a r t e r  i n c l u d i n g  137 hour s  of condensing o p e r a t i o n s .  T o t a l  oper- 

a t i n g  t ime on t h i s  loop  i s  731 hours. The loop,  as p r e s e n t l y  

a r r anged ,  i s  shown i n  F igure  37, 
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300 JOJ LOOP 

During t h i s  q u a r t e r  much e f f o r t  h a s  been devoted 

t h e  b o i l i n g  t e s t  s e c t i o n  of t h e  300 KW f a c i l i t y  and 

to r e ins t rumen t ing  

to improving t h e  

q u a l i t y  of d a t a  gene ra t ed  by t h e  loop by means of  e x t e n s i v e  pre l im-  

i n a r y  c a l i b r a t i o n  and s e l e c t i o n  o f  thermocouples based on c a l i b r a t i o n  

r e s u l t s .  The fo l lowing  i s  a s p e c i f i c  d i s c u s s i o n  of t h e  a c t u a l  work 

accomplished, 

During June, 

t r a n s d u c e r  w i t h  

t h e  300 KW t e s t  

i s  d e s c r i b e d  i n  

1964, a s t r e s s e d  diaphragm type  d i f f e r e n t i a l  p r e s s u r e  

p r o v i s i o n  f o r  i n -p l ace  c a l i b r a t i o n  was i n s t a l l e d  on 

b o i l e r  t o  measure p r e s s u r e  d rop ,  The i n s t a l l a t i o n  

Reference 4, S e c t i o n  V I .  The t r a n s d u c e r ,  manufact- 

u red  by Consol ida ted  Controls  Corpora t ion ,  c o n s i s t e d  of a n  Incone l  

X" diaphragm mounted i n  an  Inconel  housing,  The p r e s s u r e  range f o r  11  

t h e  t r a n s d u c e r  i s  0 - 50 p s i  d i f f e r e n t i a l  and i t s  t i m e  response i s  

approximate ly  2 m i l l i s e c o n d s f  Movement of  t h e  dlzphragm i s  sensed  

b y  a l i n e a r  v a r i a b l e  d i f f e r e n t i a l  t r ans fo rmer  c o i l  mechanical ly  

a t t a c h e d  to t he  t r a n s d u c e r  and a c t i v a t e d  by a s l u g  of magnetic 

m a t e r i a l  l o c a t e d  w i t h i n  t h e  t r ansduce r  Is low p r e s s u r e  chamber, The 

e n t i r e  assembly was i n s t a l l e d  i n  a fu rnace  so t h a t  i t s  tempera ture  

could be c l o s e l y  c o n t r o l l e d  dur ing  t h e  t e s t  p e r i o d ,  
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A f t e r  t h e  i n s t a l l a t i o n  of t h e  system i n t o  t h e  300 KW f a c i l i t y ,  

s e v e r a l  f u l l  s c a l e  c a l i b r a t i o n  runs  us ing  i n e r t  g a s  wi th  t h e  t r a n s -  

ducer  a t  about  500°F were conducted t o  d e f i n e  the  ou tpu t  c h a r a c t e r -  

i s t i c  curve and t h e  ze ro  and span s t a b i l i t y  p r i o r  to exposure of 

t h e  t r a n s d u c e r  to a l k a l i  metal .  These c a l i b r a t i o n s  i n d i c a t e d  a 

s u b s t a n t i a l  zero s h i f t  and a n e t  change i n  ou tpu t  f o r  a g iven  

change i n  p re s su re  of a b o u t  15% a t  t h e  15 p s i  d i f f e r e n t i a l  p r e s s u r e  

l e v e l .  

A f t e r  a concent ra ted  e f f o r t  was made t o  improve t h e  r e p e a t a b i l i t y  

of t h e  c a l i b r a t i o n ,  wi th  p a r t i a l  success ,  t h e  t r a n s d u c e r  was exposed 

t o  potassium f o r  t h e  f i r s t  time w i t h  the  b o i l e r  o p e r a t i n g  w i t h  t he  

2-inch p i t c h  h e l i c a l  i n s e r t .  

i n d i c a t e d  a p res su re  drop compatible w i t h  w h a t  had been p r e d i c t e d .  

However, cons iderable  d i f f i c u l t i e s  were encountered subsequent  t o  

t h i s  exposure when a t t e m p t s  were made t o  r e - c a l i b r a t e  t h e  t r a n s d u c e r o  

These c a l i b r a t i o n s  i n d i c a t e d  that  t h e  o u t p u t  l e v e l  f o r  a g iven  d i f -  

f e r e n t i a l  p re s su re  was becoming l e s s  and l e s s .  By p rocess  of  e l im- 

i n a t i o n  the  d i f f i c u l t y  was determined t o  be caused by a mechanical  

problem w i t h i n  the  t r a n s d u c e r  (p robab ly  y i e l d i n g  of t h e  diaphragm). 

Repai r  of t h i s  t r ansduce r  w i l l  no t  be a t t empted ,  

ment t ransducer ,  which w i l l  have a f u l l  range of 15 p s i  d i f f e r e n t i a l  

p r e s s u r e  and w i l l  be capable  of o p e r a t i n g  a t  tempera tures  up t o  200°F, 

i s  be ing  purchased. The replacement  t r a n s d u c e r  i s  a l i q u i d - f i l l e d  

d i f f e r e n t i a l  S t a t h a m  gage, r a t e d  a t  0 t o  15 p s i  d i f f e r e n t i a l .  

d 

At t h i s  time the  t r a n s d u c e r  o u t p u t  

I n s t e a d ,  a r e p l a c e -  
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Although t h e  i n i t i a l  a t tempt  a t  measuring p r e s s u r e  drop  through 

t h e  t e s t  b o i l e r  w i t h  a d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r  was no t  

s u c c e s s f u l  due to t r a n s d u c e r  mal func t ion ,  t h e  c a l i b r a t i o n  system 

d i d  f u n c t i o n  p rope r ly  and t h e r e f o r e  demonstrated t h e  f e a s i b i l i t y  

of t h e  technique of c a l i b r a t i n g  i n  p l a c e  d u r i n g  loop  o p e r a t i o n  

w i t h o u t  i n t e r f e r r i n g  w i t h  loop ope ra t ion , ,  

In- loop p r e s s u r e  measurements du r ing  t h e  o p e r a t i n g  p e r i o d  f o r  

t h e  6 t o  1, p i t c h  t o  diameter  r a t i o ,  i n s e r t  i n  t h e  1-inch tube  

were made wi th  b o i l e r  i n l e t  and e x i t  a b s o l u t e  ( 0  - 150 p s i a )  p re s -  

s u r e  g a g e s o  These a r e  s l a c k  diaphragm type ( T a y l o r )  , s t a i n l e s s  

s t e e l  t r a n s d u c e r s  mounted approximately one f o o t  from t h e  loop  

p i p i n g  system and ope ra t ed  a t  1000°F dur ing  l o o p  o p e r a t i o n  by  

i n d i v i d u a l l y  c o n t r o l l e d  hea t ing  c i r c u i t s ,  The n e t  s h i f t  i n  c a l i -  

b r a t i o n  dur ing  the  p e r i o d  o f  t e s t i n g  w i t h  t h e  6-inch p i t c h  i n s e r t ;  

as ob ta ined  from in-p lace  c a l i b r a t i o n s  b e f o r e  and a f t e r  t e s t i n g  

u s i n g  i n e r t  gas  p r e s s u r i z a t i o n ,  amounted to approximate ly  1 p s i a  

f o r  t h e  i n l e t  gage and 0,5 p s i a  f o r  t he  e x i t  gage., 

Subsequent to de te rmina t ion  t h a t  t h e  b o i l e r  w a l l  s h e l l  thermo- 

coup les  were r ead ing  s i g n i f i c a n t l y  low ( R e f ,  4 ) ,  a new s e t  was 

f a b r i c a t e d  and i n s t a l l e d  i n  J u l y ,  

capped: urigrounded j u n c t i o n s  was i n s t a l l e d  i n  11 r i n g s  of  5 each,  

T h i s  w i re  c o n s i s t e d  of 0.062-inch Inconel  shea th ,  magnesia i n s u l a t i o n  

and p la t inum 10% rhodium-platinum thermocouple e lements  

was manufactured by Thermo-Electric Company and passed  a s t anda rd  

homogeneity t e s t .  Two thermocouples from each r o l l  (approximate ly  

Th i s  group of thermocouples w i t h  

The wi re  

-45 - 



30 f t .  p e r  r o l l )  have been c a l i b r a t e d  a t  t h e  f r e e z i n g  p o i n t s  of  

copper,  s i l v e r ,  alumina and z i n c ,  The d e v i a t i o n  from t h e  s t a n d a r d  

c a l i b r a t i o n  was w e l l  w i t h i n  the  normal t o l e r a n c e  l i m i t s c  

The 3/4-inch tube b o i l e r  i n s t a l l e d  d u r i n g  September 1964 was 

ins t rumented  i n  t h e  same manner w i t h  thermocouples made from t h e  

same l o t  o f  wire as those  d e s c r i b e d  above and t e s t e d  i n  t h e  same 

manner. An i n s e r t  f o r  t h e  3/4-inch b o i l e r  t u b e  was ins t rumented  

wi th  7 thermocouples (0.04O-inch Incone l  s h e a t h ,  MgO i n s u l a t i o n ,  

chromel-alumel a l l o y  capped, grounded j u n c t i o n ) ,  spaced a x i a l l y  

ove r  t h e  hea t  t r a n s f e r  a r e a  (Table  2 )  and l o c a t e d  i n s i d e  t h e  

l /Q-inch OD x 0.049-inch wall  c e n t e r  body tube  so t h a t  t h e y  would 

n o t  be i n  d i r e c t  c o n t a c t  w i t h  a l k a l i  meta l .  T h i s  i n s e r t  i s  i d e n t -  

i c a l  to t h a t  shown on Drawing No. CllgC2845, ( F i g u r e  15, Reference 

4 ) ,  except  f o r  d iameter ,  p i t c h  and m o d i f i c a t i o n s  t o  t h e  c o l d  end 

t o  permi t  t h e  use of a compression type  packing g l and  t o  ho ld  t h e  

thermocouples i n  p l a c e  and t o  se rve  as a secondary a l k a l i  me ta l  

s ea l  i n s t e a d  of t h e  b r a z e  type seal  o r i g i n a l l y  used. A p o s i t i v e  

i n e r t  gas p r e s s u r e  w i l l  be main ta ined  w i t h i n  t h e  centerbody tube  

o f  t h i s  i n s e r t  to preven t  i n t e r n a l  o x i d a t i o n  and to s e r v e  as a 

b u f f e r  i n  case  of tube f a i l u r e  d u r i n g  o p e r a t i o n .  

The 7 thermocouples were c a l i b r a t e d  i n  t h e  f r e e z i n g  p o i n t  appar -  

a t u s  p r i o r  to assembly i n t o  t h e  i n s e r t .  Maximum d e v i a t i o n  from t h e  

thermocouple scale a t  t h e  copper p o i n t  was -14.4OF. 

was -12.3'F. 

Average d e v i a t i o n  

8 
I 
1 
I 
I 
1 
I 
1 
1 
J 
I 
1 
1 
1 
1 
1 
I 
1 
I 
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Following shutdown of  t h e  loop  i n  mid-August, one thermocouple 

was removed from each of t he  t e s t  s e c t i o n  i n l e t  and e x i t  w e l l s  f o r  

c a l i b r a t i o n ,  These thermocouples were made from 0,032-inch dia-  

meter plat inum and 10% rhodium-platinum wire i n s t a l l e d  i n  a ceramic 

i n s u l a t o r  w i t h  a n  Incone l  or L-605 p r o t e c t i v e  tube  over  t h e  assembly,  

All p a r t s  were assembled w i t h  s l i p  f i t  t o l e r a n c e s  and t h e r e  was no 

swaging o r  drawing o p e r a t i o n  a f t e r  t h e  assembly? 

C a l i b r a t i o n  checks were performed i n  a f r e e z i n g  p o i n t  a p p a r a t u s .  

R e s u l t s  showed t h a t  t h e  thermocouples i n  t h i s  group, which had been 

i n s t a l l e d  s i n c e  t h e  i n i t i a l  o p e r a t i o n  of t h e  f a c i l i t y ,  had undergone 

a n e t  change i n  ou tpu t  o f  6 . 5 ' ~  (maximum) and were r ead ing  approxi -  

mately 10°F (maximum) l e s s  than t h e  I n t e r n a t i o n a l  Temperature s c a l e  

at t h e  f r e e z i n g  p o i n t  of copper (1981,g0F). 

same group, b u t  which had been i n s t a l l e d  more r e c e n t l y ,  had changed 

c a l i b r a t i o n  by a p r o p o r t i o n a t e l y  lower amount a s  a f u n c t i o n  of loop  

o p e r a t i n g  t ime,  

Thermocouples i n  t h i s  

Thermocouples were a l s o  removed from t h e  2-inch p i t c h  h e l i c a l  

i n s e r t  for c a l i b r a t i o n  checks. These thermocouples were assembled 

i n  O>ObO-inch Inco 702 s h e a t h  drawn o v e r  MgO i n s u l a t i o n  and con- 

s i s t e d  of  chrome1 alumel  thermocouple e lements .  There were seven 

t h e r m x o u p l e s  il? t h i s  g r sup ,  a l l  brazed intz 9 sing12 L-625 cap 

which served  as t h e  upper end o f  t h e  i n s e r t .  C a l i b r a t i o n  r e s u l t s  

showed a maximum d e v i a t i o n  of -12'F from the  I n t e r n a t i o n a l  Temper- 

a t u r e  s c a l e  a t  the f r e e z i n g  po in t  o f  aluminum, 
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100 KW Loop 

A comparison of t h e  t h r e e  polyphase wat tmeters  p r e s e n t l y  use( 

on t h e  loop  t o  measure i n p u t  power t o  t h e  p r e b o i l e r  and t e s t  s e c t i o n  

h e a t e r s  was made us ing  a dummy load  capable  of d i s s i p a t i n g  approxi-  

mately 3.5 KW a c r o s s  t h e  r e c e n t l y  i n s t a l l e d  50 KW power supply  

( s a t u r a b l e  r e a c t o r ) .  

dynamic (GE Type P3) u n i t s ,  one of which had been c a l i b r a t e d  du r ing  

t h e  f i rs t  week i n  August and an  Avtron watt computer system which 

was i n s t a l l e d  a s  p a r t  o f  t h e  50 KW supply ,  

meters  have e s s e n t i a l l y  - +l$ f u l l  s c a l e  accuracy  c a p a b i l i t y  and a l l  

a r e  ope ra t ed  i n  con junc t ion  w i t h  c u r r e n t  t r ans fo rmers  s o  t h a t  t h e  

c u r r e n t  i n  t h e  measuring c i r c u i t  never  exceeds 5 ampereso 

The t h r e e  wat tmeters  i nc luded  two e l e c t r o -  

A l l  t h r e e  of  t h e s e  

The comparison was made by connect ing a l l  t h r e e  meters  a c r o s s  

the  same load  and observ ing  t h e  ou tpu t  a t  v a r i o u s  power l e v e l s .  

Agreement between t h e  two GE P-3 meters  was w i t h i n  4% up t o  3.5 KhJ 

which was wi th in  t h e  f u l l  s c a l e  t o l e r a n c e  band of t h e  meters .  

e v e r ,  t h e  Avtron meter d e v i a t e d  by cons ide rab ly  more than  i t s  nominal 

accuracy  t o l e r a n c e  a t  a l l  power l e v e l s  up t o  t h e  3.5 KW dummy t e s t  

load  l i m i t .  Therefore,  t h e  performance of t h e  Avtron meter was 

s t u d i e d  f u r t h e r .  Observat ion of t h e  Avtron meter  o u t p u t  a t  t h e  

power l e v e l s  used for normal loop  o p e r a t i o n  i n d i c a t e d  much c l o s e r  

agreement w i t h  t h e  P-3 meter  t han  was n o t i c e d  a t  lower power s e t t i n g s  

w i t h  t h e  dummy load .  For example, a t  12.42 a c t u a l  KW (P3) t h e  Avtron 

was i n  e r r o r  by 3.87% which i s  w i t h i n  t h e  f u l l  s c a l e  accuracy  toler- 

ance of t h e  instrument .  

How- 

A t  3.3 KW, t h e  Avtron u n i t  was o f f  by 57%. 
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Poor performance a t  low power seems t o  be a c h a r a c t e r i s t i c  of t h e  

in s t rumen t .  

measuring l e v e l s  of t h e  instrument  wi th  t h e  vendor ,  

L LLrr le  1 ... 

used t o  determine a c t u a l  power l e v e l s .  

Attempts a r e  being made t o  d e f i n e  t h e  minimum power 

I n  t h e  mean- 

tile r3 i-fietei- 1s coi-ii-,ected aci-oss t h e  load  perinanei-,tiy aj-,d is 

The l i q u i d  l e v e l  probe i n  the  r e c e n t l y  i n s t a l l e d  dump t ank  of  

t h e  100 KW f a c i l i t y  was c a l i b r a t e d  du r ing  i n i t i a l  f i l l i n g  of  t h e  

l o o p .  T h i s  i s  a "J" type probe, t h e  s h e a t h  of which a c t s  l i k e  a 

r e s i s t a n c e  be ing  s h o r t e d  by a l k a l i  metal, 

i s  vo l t age  drop  between t h e  probe t i p  and t h e  a l k a l i  meta l  l e v e l  

which i s  e s s e n t i a l l y  a t  ground p o t e n t i a l .  The c a l i b r a t i o n  was 

performed by weighing i n d i v i d u a l  charges  of potassium as t h e  dump 

t a n k  was f i l l e d .  

3.55 m i l l i v o l t s  p e r  i n c h  change i n  l e v e l  w i t h  5 amperes through 

t h e  probe s h e a t h ,  

The measured parameter  

The s e n s i t i v i t y  of t h e  measuring system was 

50 Kw Loop 

A new se t  of thermocouples was i n s t a l l e d  i n  t h e  new 5/8-inch 

d i ame te r  d r i l l e d  t e s t  s e c t i o n c  

d i ame te r  Inco  702 sheathed,  chrome1 a lumel  thermocouples w i t h  MgO 

i n s u l a t i o n  and capped grounded junc t ions . .  The 0,032-inch thermo- 

c o u p l e s  ar.t: used in t'rl. 0 A T A  > . - - l e  2 2  ̂ _ _ _ _  L - - -  

t h e  n i c k e l  t e s t  p i e c e  and i n  t h e  wel l s  a t  t h e  potassium i n l e t  and 

o u t l e t ,  The 0,062-inch thermocouples a r e  used i n  t h e  wel ls  a t  t h e  

sodium i n l e t  and o u t l e t ,  where space i s  a v a i l a b l e  f o r  t h e s e  l a r g e r  

These were 0,032-inch and 0,062-inch 

c u 3 u - ~ ~ i ~ ~ ~  U I ~ I I I C  ~ e r -  ho les  i i i  the wall of 
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thermocouples.  I n t e g r a l  r e f e r e n c e  j u n c t i o n s  were provided  w i t h i n  

each thermocouple assembly t o  e l i m i n a t e  any e r r o r s  caused by i n t e r -  

mediate  l e a d  wire. Wire homogeneity was checked fo l lowing  i n s t a l -  

l a t i o n ,  Although a l l  of t h e  thermocouples passed  t h e  homogeneity 

t e s t ,  i n  p l a c e  c a l i b r a t i o n  on t h e  loop i n d i c a t e d  t h a t  t h e  d i f f e r -  

ences  between the thermocouples were s i g n i f i c a n t l y  l a r g e r  t han  had 

been experienced i n  t h e  preceding ba tch .  There a r e  s e v e r a l  p o s s i b l e  

causes  for t h i s  problem. One cause might be t h a t ,  due t o  t h e  n a t u r e  

of the  conf igu ra t ion  of t h e  thermocouple assembly and t h e  l eng th  of 

immersion i n  the t e s t  s e c t i o n  wall ,  t he  homogeneity t e s t  performed 

fo l lowing  thermocouple i n s t a l l a t i o n  was no t  e f f e c t i v e  no r  s u f f i c i e n t l y  

s e n s i t i v e .  Therefore,  any damage du r ing  t h e  thermocouple i n s t a l l a t i o n  

(which i s  an  extremely d i f f i c u l t  p r o c e s s )  would no t  n e c e s s a r i l y  be 

appa ren t  i n  the  p o s t - i n s t a l l a t i o n  homogeneity t e s t ,  Another p o s s i b l e  

cause f o r  t h e  l a r g e  d i f f e r e n c e s  i n  thermocouple c a l i b r a t i o n s  might be 

t h e  f a c t  t h a t  the thermocouples came from two s e p a r a t e  ba t ches  of 

wire .  Two ba tches  of w i r e s  were used because of p rev ious  i n s t a l -  

l a t i o n  d i f f i c u l t i e s  when i t  was d i scove red  t h a t  thermocouples from 

one ba tch  were s l i g h t l y  ove r - s i ze  and would n o t  f i t  i n  a l l  l o c a t i o n s .  

For t h i s  reason, i t  was dec ided  to i n s t a l l  a n o t h e r  s e t  of thermo- 

couples ,  all from one ba tch  o f  wi re ,  to e l i m i n a t e  a major f a c t o r  i n  

t h e  incons i s t ency  between thermocouples. T h i s  was done us ing  a s e t  

of thermocouples which had been in tended  f o r  t h e  3/8-inch d r i l l e d  

t e s t  s e c t i o n .  The r e s u l t s  of i n  p l a c e  c a l i b r a t i o n s  a r e  n o t  y e t  

a v a i l a b l e  s o  i t  i s  not  p o s s i b l e  t o  d e f i n e  t h e  n e t  g a i n  achieved  by 

r e p l a c i n g  t h e  mixed ba tch  of thermocouples. 
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V I I .  MATERIALS SUPPORT 

W, R. Young 

300 KW LOOP 

Loop Maintenance. The Type 316 s t a i n l e s s  s t e e l  dump l i n e  va lve  

i n  t h e  secondary (potassium) loop  of  t h e  300 KW f a c i l i t y  was rep laced  

w i t h  a new Type 316 s t a i n l e s s  s t e e l  v a l v e p  The v a l v e  was b u t t  welded 

t o  t h e  L-605 p i p e  and t a n k  b o s s  us ing  L-605 f i l l e r  wire, 

Type 316 s t a i n l e s s  s t e e l  bellows assembly was i n s t a l l e d  i n  t h e  L-605 

a l l o y  t h r o t t l e  v a l v e  of t he  secondary loop. 

were welded to t h e  L-605 valve plug and va lve  body. 

Also ,  a 

The be l lows  f l a n g e s  

The second h e l i c a l  i n s e r t  wi th  a 5.5-inch p i t c h  was i n s t a l l e d  

i n  t h e  1,O-inch OD t e s t  s ec t ion .  The 2-inch p i t c h  i n s e r t  was c u t  

a t  t h e  t o p  cap on the b o i l e r  t e s t  s e c t i o n  and removed., The new 

h e l i c a l  i n s e r t  was then  pos i t i oned  and welded t o  t h e  t o p  of t h e  

b o i l e r  t e s t  s e c t i o n ,  

S i n g l e  Tube Test S e c t i o n ,  A Oe75-inch OD by 0,040-inch w a l l ,  

L-605 a l l o y  tube  was incorpora ted  i n t o  a new s i n g l e  t u b e  b o i l e r  

t e s t  s e c t i o n ,  The des ign  and f a b r i c a t i o n  of t h i s  t e s t  s e c t i o n  

were t h e  same as those employed p r e v i o u s l y ,  I n s t a l l a t i o n  of t h i s  

t e s t  s e c t i o n  i n  t h e  300 KW f a c i l i t y  was completed. 
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A new h e l i c a l  s w i r l  i n s e r t ,  having a p i t c h  t o  diameter r a t i o  of 

s i x ,  was f a b r i c a t e d .  

t o  provide  a mechanical r a t h e r  t h a n  brazed  s e a l  f o r  t h e  i n s e r t  thermo- 

c o u p l e s ,  

The completed h e l i c a l  s w i r l  i n s e r t  was then  i n s t a l l e d  i n  t h e  f a c i l i t y .  

The d e s i g n  of t h i s  i n s e r t  was modif ied s l i g h t l y  

This  change was made t o  f a c i l i t a t e  thermocouple i n s t a l l a t i o n .  

F a b r i c a t i o n  S tud ie s .  The bending of t h i n  w a l l  L-605 tub ing  s u i t -  

able  f o r  t h e  hockey s t i c k  b o i l e r  d e s i g n  proved s a t i s f a c t o r y .  

p i e c e  of O.75-inch d i ame te r  O0O4-inch w a l l  tub ing ,  b e n t  90' to a 

2,5-inch r a d i u s  by draw bending, was checked f o r  w a l l  r e d u c t i o n ,  

A 

i n  t h i c k n e s s  on t h e  o u t s i d e  o f  

cons idered  a c c e p t a b l e  f o r  f u t u r e  

The tube w a l l  decreased 0.005-inch 

t h e  bend dur ing  forming. This  was 

b o i l e r  des igns .  

J o i n i n g  of b o i l e r  t ubes  to head 

b o s s  from t h e  i n s i d e  was d i s c u s s e d  

Corpora t ion ,  This type of welding 

rs by welding t h e  tube t o  a header  

w i t h  t h e  Baldwin-Lima-Hamilton 

i s  accomplished a u t o m a t i c a l l y  by 

the  tungs t en  arc process  through r o t a t i o n  of  a n  e l e c t r o d e  i n s e r t e d  

i n s i d e  the  j o i n t  through t h e  header  (Refo  8 ) .  Crevice  f r e e  j o i n t s  

t h a t  were radiographed f o r  soundness have been produced i n  s t a i n l e s s  

s t e e l  h e a t  exchangers by  t h e  B-L-H Corpora t ion  us ing  t h i s  p r o c e s s ,  

The f e a s i b i l i t y  s t u d i e s  of t h i s  p rocess  as  a p p l i e d  t o  f a b r i c a t i o n  of 

L-605 a l l o y  b o i l e r s  have been d e f e r r e d  u n t i l  component d e s i g n  s t u d i e s  

a r e  completed,  
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LOO Kw Loop 

The f a b r i c a t i o n  of t h e  new 3/4-inch schedule  80 C b - l $ Z r  a l l o y  

b o i l e r  and p r e h e a t e r  c o i l  s e c t i o n s  of the  100 KW loop was completed, 

The new s e c t i o n  was assembled i n  the  Labora tory ,  All welding was 

conducted i n  a h i g h  p u r i t y  helium atmosphere us ing  t h e  vacuum-purged 

welding chamber, 

f o r  one h o u r .  

A l l  weldments were post-weld annea led  a t  2200°F 

The new s e c t i o n  was i n s t a l l e d  i n  t h e  f a c i l i t y  w i t h  two f i e l d  

welds. 

of t h e  condenser c o i l ;  t h e  o t h e r  was l o c a t e d  i n  the 3/8-inch p ipe  

a d j a c e n t  t o  t h e  EM pump- Af te r  welding, t h e  j o i n t s  were annea led  

a t  2200°F f o r  one hour t o  minimize ag ing  embr i t t l ement  du r ing  l o o p  

o p e r a t i o n .  

One f i e l d  weld was loca ted  i n  the  3/4-inch p ipe  a t  t h e  t o p  

The f a b r i c a t i o n  o f  h e l i c a l  s w i r l  i n s e r t s  r e q u i r e d  f o r  f u t u r e  

100 KW loop t e s t s  a l s o  proceeded. 

r e q u i r e d  to produce t h e  f irst  h e l i c a l  s w i r l ,  which has a p i t c h - t o -  

d i ame te r  r a t i o  of s ix .  

Orders were p l aced  f o r  machining 

50 Kw Loop 

A new t e s t  s e c t i o n  conta in ing  d r i l l e d  thermocouple h o l e s  i n  t h e  

0,625-inch i n s i d e  d iameter  n i c k e l  tube was f a b r i c a t e d ,  

316 s t a i n l e s s  s t e e l  tubes  were s u c c e s s f u l l y  vacuum brazed  a t  each 

end of t h e  n i c k e l  tube without  plugging of t h e  thermocouple h o l e s ,  

The Type 

f o u r  o f  which were l o c a t e d  r a d i a l l y  about  0.08-inch from t h e  brazed  

j o i n t s ,  The Type 316 s t a i n l e s s  s t e e l  j a c k e t  and bel lows were t h e n  

assembled on the  t e s t  s e c t i o n .  
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The s l o t t e d  thermocouple grooves of t h e  0.625-inch i n s i d e  

Thermal d iameter  t e s t  s e c t i o n  were n o t  brazed  s u c c e s s f u l l y .  

g r a d i e n t s  i n  t h e  vacuum furnace  caused t h e  b raze  a l l o y  to flow 

p r o f u s e l y  to one end and r e s u l t e d  i n  voids  a long  t h e  slots. 

F u r t h e r  work on t h i s  s e c t i o n  was d i s c o n t i n u e d  pending t e s t  

e v a l u a t i o n  of t h e  d r i l l e d  type t e s t  s e c t i o n .  

The 50 KW b o i l e r  was r e b u i l t  a f t e r  a l e a k  developed a t  one 

of t h e  e l e c t r i c a l  h e a t e r s .  

rep laced .  

t h e  bottom row o f  h e a t e r s  and two o t h e r  n u c l e a t i o n  s i t e s  were 

welded t o  the b o i l e r  s h e l l .  The b o i l e r  was then  i n s t a l l e d  i n  

t h e  f a c i l i t y  a long  wi th  the  0.625-inch t e s t  s e c t i o n  con ta in ing  

d r i l l e d  thermocouple ho le s .  

The o l d  h e a t e r s  were removed and 

Four  n u c l e a t i o n  s i t e s  ( h o t  f i n g e r s )  were added to 

The new 0.375-inch t e s t  s e c t i o n  con ta in ing  d r i l l e d  thermo- 

couple h o l e s  i s  c u r r e n t l y  be ing  assembled, Type 316 s t a i n l e s s  

s t e e l  tubes  were s u c c e s s f u l l y  vacuum brazed  a t  each end of t h e  

n i c k e l  tube. Welding of  t h e  Type 316 s t a i n l e s s  j a c k e t  and 

bel lows w i l l  be completed du r ing  t h e  nex t  r e p o r t  pe r iod .  

Pool B o i l i n g  Apparatus 

The pool  b o i l i n g  appa ra tus  developed a small l e a k  between t h e  

vacuum chamber surrounding t h e  h e a t e r  and t h e  l i q u i d  meta l  b o i l i n g  

chamber. The l e a k  i s  l o c a t e d  i n  t h e  AS-514 (V-35Cb)  b raze  between 

t h e  C b - l $ Z r  a l l o y  s l e e v e  and t h e  Mo-O.5Ti a l l o y  h e a t e r  p l a t e .  
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The h e a t e r  had been i n a d v e r t e n t l y  run i n  an  atmosphere o f  

n i t r o g e n  r a t h e r  t han  i n  vacuum o r  i n e r t  g a s  r e q u i r e d  for oper-  

a t i o n ,  The r e s u l t i n g  contamination was most s eve re  i n  t h e  

vanadium base b raz ing  a l l o y  and undoubtedly was t h e  cause of' 

the  leakage found. The C b - l $ Z r  s l e e v e  was a l s o  s e v e r e l y  con- 

taminated a s  evidenced by complete embr i t t l ement  of f o i l  a t t a c h -  

ment's t o  t h e  s l eeve .  

The r e p a i r  o f  t h i s  appara tus  t o  produce material c o n d i t i o n s  

e q u i v a l e n t  t o  t he  a s - b u i l t  s t r u c t u r e  would r e q u i r e  complete 

replacement o f  t h e  h e a t e r ,  Cb-lgZr s l eeve ,  and b i m e t a l l i c  j o i n t  

a t tachment  t o  the  L-605 a l l o y  containment v e s s e l .  However, a n  

a t t e m p t  can be made t o  r ep lace  t h e  j o i n t  between t h e  h e a t e r  and 

Cb-lgZr a l l o y  s l e e v e  by rebraz ing  w i t h  an  a l l o y  having a b raz ing  

tempera ture  nea r  2200°F 

avoid  ove rhea t ing  t h e  o r i g i n a l  b i m e t a l l i c  j o i n t  which was brazed  

a t  21.50~~. 

T h i s  lower temperature  i s  r e q u i r e d  to 
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V I I I .  ANALYSIS 

G. L. Converse 

i n  p rev ious  Q u a r t e r l y  Reports  t h e  a n a l y t i c a l  task h a s  been 

concerned l a r g e l y  wi th  problems of two-phase p r e s s u r e  drop. 

example, i n  Q u a r t e r l y  Progress  Report  6 (Ref.  7) t h e  a c c e l e r a t i o n  

and e l e v a t i o n  components of t h e  two-phase p r e s s u r e  drop were 

ana lyzed ,  whi le  i n  Q u a r t e r l y  P rogres s  Report  8 (Ref.  4 )  t h e  f r i c -  

t i o n a l  component of t he  p re s su re  drop  was cons idered .  Some success  

has been obta ined  w i t h  t h e  simple homogeneous model desc r ibed  i n  

References  4 and 7. 

9 and 10 of t h e  p r e s e n t  Q u a r t e r l y  Report  g i v e  some i n d i c a t i o n  of  

t h e  accuracy  which can be expected w i t h  t h i s  model. 

work on two-phase p re s su re  drop i s  by no means complete, i t  was 

f e l t  t h a t  t h e  degree of success  ob ta ined  i n  the  p r e s s u r e  drop  

p r e d i c t i o n  warranted the  ex tens ion  of  t h e  a n a l y t i c a l  e f f o r t  i n t o  

o t h e r  a r e a s .  The a r e a s  of m o s t  immediate concern would seem to be 

t h e  p r e d i c t i o n  of h e a t  t r a n s f ' e ~  c o e f f i c i e n t s  5~ t h e  n u c l e Z t e ,  

t r a n s i t i o n ,  and f i l m  b o i l i n g  regimes,  and t h e  problem of o v e r a l l  

l o o p  s t a b i l i t y .  

For  

F igu res  2 1  and 22 of  Reference 4 and F igures  

Although t h e  

Ana ly t i ca l '  Task I n i t i a t e d  During t h e  Curren t  Q u a r t e r l y  Pe r iod  

A n a l y t i c a l  work has been i n i t i a t e d  i n  t h e  above a r e a s .  The 

immediate e f f o r t  concerns i t s e l f  w i t h  t h e  fo l lowing  t a s k :  
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1. The p r e d i c t i o n  of b o i l i n g  i n c e p t i o n ,  i - e . ,  t h e  wal l  

superhea t  r e q u i r e d  t o  produce n u c l e a t i o n .  

2. The p r e d i c t i o n  of s l i p  and void f r a c t i o n s .  

3. The p r e d i c t i o n  of c r i t i c a l  flow. 

P re l imina ry  r e s u l t s  w i l l  be made a v a i l a b l e  i n  Q u a r t e r l y  Progress  

Report  No. 10. 

of approach and c u r r e n t  s t a t u s  i s  inc luded  below. 

A b r i e f  d i s c u s s i o n  of each task i n c l u d i n g  t h e  method 

The P r e d i c t i o n  of B o i l i n g  Incep t ion .  The problem of b o i l i n g  

i n c e p t i o n  i s  i n t i m a t e l y  connected both  t o  t h e  problems of p r e d i c t i n g  

t h e  hea t  t r a n s f e r  c o e f f i c i e n t  and t o  t h e  problem of o v e r a l l  loop 

s t a b i l i t y .  I n  o r d e r  t o  p r e d i c t  t h e  n u c l e a t e  b o i l i n g  h e a t  t r a n s f e r  

c o e f f i c i e n t ,  i t  i s  necessary  t o  a s c e r t a i n  the  method o f  vapor gen- 

e r a t i o n .  For  example, vapor may be gene ra t ed  by n u c l e a t i o n  ( i . e . ,  

bubble formation o f  t h e  w a l l )  or by evapora t ion  a t  t h e  l i q u i d  vapor 

i n t e r f a c e .  Both mechanisms have been observed (Ref .  9 ) .  It i s  

ev iden t  t h a t  t h e  l a t t e r  mechanism cannot be p r e s e n t  u n t i l  a n  i n t e r -  

f a c e  i s  a v a i l a b l e ,  and, t h e r e f o r e ,  t h a t  t h e  f i r s t  vapors  must  be 
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formed by nuc lea t ion .  

i s  h igh  enough, a r e l a t i v e l y  l a r g e  amount o f  vapor may be gene ra t ed  

r e s u l t i n g  i n  a sudden "explos ion"  of l i q u i d  i n t o  vapor and a c o r r e s -  

ponding p res su re  surge  i n  t h e  loop. The above mechanism has been 

p o s t u l a t e d  as a p o s s i b l e  cause of loop i n s t a b i l i t y  ( s e e  f o r  example, 

If the  supe rhea t  r e q u i r e d  t o  produce n u c l e a t i o n  8 
I 
1 

Ref. 10). 8 
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I n  o r d e r  to p r e d i c t  t he  wal l  superhea t  r e q u i r e d  f o r  nuc lea t ion ,  

t h e  rnethod proposed by Rohsenow and Berg le s  (Ref ,  11) w i l l  be u t i l -  

i z e d .  This  method has  met w i t h  some success  when a p p l i e d  t o  water  

(Ref. 11) and Freon (Ref. 9 ) .  

The P r e d i c t i o n  of S l i p  and Void F r a c t i o n .  A knowledge of  t h e  

s l i p  and void f r a c t i o n  i s  e s s e n t i a l ,  bo th  i n  o r d e r  t o  o b t a i n  a 

p r e c i s e  p r e d i c t i o n  of two-phase p r e s s u r e  drop and i n  o r d e r  t o  

p r e d i c t  t he  loop t r a n s f e r  func t ions .  The l a t t e r  would be a pre-  

r e q u i s i t e  to any a t t empt  t o  analyze the t r a n s i e n t  and/or uns t ab le  

behavior  of t h e  loop. 

The momentum exchange model of Levy (Ref.  12)  w i l l  be u t i l i z e d  

t o  g e n e r a t e  working curves of s l i p  and void f r a c t i o n s .  

The P r e d i c t i o n  of C r i t i c a l  Flow. C r i t i c a l  f low models have been 

proposed by Levy (Ref. 17) and Fauske (Ref.  14)  among o the rd .  

computer program has been w r i t t e n  u t i l i z i n g  t h e  NRL p r o p e r t i e s  

(Ref ,  3 )  to y i e l d  t h e s e  r e s u l t s .  The program i s  working and 

r e s u l t s  w i l l  be inc luded  i n  Q u a r t e r l y  Progress  Report  No. 10. 

A 
f .  

R e s u l t s  Obtained During the  Current Q u a r t e r l y  Per iod  

I n  a d d i t i o n  to t h e  above task t h e  data from t h e  300 KW f a c i l i t y  

g iven  i n  Table A - 2  of Appendix A i n  t h e  p r e s e n t  r e p o r t  was ana lyzed  

i n  a n  e f f o r t  to a s c e r t a i n  t h e  f e a s i b i l i t y  o f  de te rmining  t h e  s t a t i c  

p r e s s u r e  by use of thermocouples i n  conjunct ion  wi th  t h e  s a t u r a t i o n  

curve.  This  procedure could be u s e f u l  i n  de te rmining  the  l o c a l  p re s -  

s u r e  d i s t r i b u t i o n  i n  the  300 KW b o i l e r  i n  those  t e s t s  i n  which the  

c e n t e r l i f i e  temperatures  a r e  measured a long  t h e  l eng th  of t h e  b o i l e r .  
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The above procedure could be s u c c e s s f u l  i f  t h e  l i q u i d  and vapor I 
8 phases  o f  the mixture  a r e  a t  t h e  s a t u r a t i o n  tempera ture  corresponding 

to t h e  s t a t i c  p r e s s u r e o  It i s  u n l i k e l y  t h a t  any such s imple s i t u a t i o n  

e x i s t s ;  however, i f  t h e  degree  of supe rhea t ing  or subcool ing  of t h e  

phases  w i t h  r e s p e c t  to t h e  s t a t i c  p r e s s u r e  i s  small, and t h e  r a t e  of 

change of temperature w i t h  p r e s s u r e  a long  t h e  s a t u r a t i o n  curve i s  

l a r g e ,  a n  accu ra t e  de t e rmina t ion  may s t i l l  be p o s s i b l e .  

I n  t h i s  s e c t i o n  s imultaneous measurements of s t a t i c  p r e s s u r e  

(Table  A-2 of Appendix A of t h i s  r e p o r t )  and tempera ture  ob ta ined  

from t h e  300 KW f a c i l i t y  w i l l  be ana lyzed  i n  o r d e r  to a s c e r t a i n  i f  

thermocouples provide a reasonably  a c c u r a t e  method of de te rmining  

t h e  s t a t i c  p re s su re  of t h e  mixture .  The d a t a  u t i l i z e d  encompass 

the  fol lowing range of v a r i a b l e s  : 

Q u a l i t y  ($) 

Temperature (OF) 

Mass v e l o c i t y  i n  l b s / s e c - f t  2 

97.4 2.1 to 

1486 to 1762 

15.63 t o  170.9 

Test  Geometry. The geometry of t h e  t e s t  i s  shown i n  F igu re  38. 

A h e l i c a l  i n s e r t  w i th  a 2-inch p i t c h  was i n s e r t e d  i n  a n  0.922-inch 

I D  tube.  

hollow tube w i t h  a 0.04g-inch wal l  t h i c k n e s s .  Seven chromel-alumel 

thermocouples were l o c a t e d  i n  t h e  t u b u l a r  c e n t e r  body which was 

f i l l e d  wi th  a rgon  under a s l i g h t  p o s i t i v e  p r e s s u r e .  

upstream of t h e  uppermost thermocouple, a n  a b s o l u t e  p r e s s u r e  gage 

was loca ted .  

The c e n t e r  body of t h e  h e l i x  c o n s i s t e d  of a 1/4-inch OD 

About 2s - inches  
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Accuracy of  t h e  Tes t .  The p r e s s u r e  gage has  a f u l l .  s c a l e  r ead ing  

of  150 p s i a .  The manufac turer ' s  s p e c i f i c a t i o n  i n d i c a t e s  a n  accuracy  

of 1% of f u l l  s c a l e  or about 1% p s i .  I n  o r d e r  to improve t h e  accur -  

aLy VI 1/1le best ,  t h e  gage was c a r e f u l l y  c a l i b r a t e d  both  b e f o r e  and 

a f t e r  t h e  t e s t .  The r e s u l t s  of  t h e  c a L i b r a t i o n s  a r e  shown i n  Fig-  

u r e  39. A l l  p o i n t s  taken  during t h e  c a l i b r a t i o n  can be inc luded  

w i t h i n  an  e r r o r  band of  + 0.5 p s i .  T h i s  i s  taken  to be t h e  accuracy  

of t he  gage, 

t h a t  the thermocouples are accura t e  w i t h i n  about  1°F. 

,,-_.. -43 L1-- I -  - 

- 
P a s t  experience on t h e  300 KW f a c i l i t y  has  i n d i c a t e d  

T e s t  R e s u l t s .  F igu re  40 shows a p r e s s u r e  ve r sus  temperature  p l o t  

o b t a i n e d  by p l o t t i n g  t h e  measured tempera ture  a g a i n s t  t h e  measured 

p r e s s u r e s .  The sa tu ra t ion  curves ob ta ined  by B a t t e l l e  (Ref.  14) 

and NRL (Ref. 3) a r e  shown on t h e  same f i g u r e .  

p r e s s u r e  p r e d i c t e d  from t h e  thermocouple (by  use of t h e  s a t u r a t i o n  

curve from Reference 3) has been p l o t t e d  a g a i n s t  t h e  p r e s s u r e  mea- 

su red  by  t h e  gage. The maximum d e v i a t i o n  from a 45' l i n e  i s  about  

+ 0.6 p s i  to -0.95 p s i .  

I n  F igu re  41, t h e  

I n  a n  e f f o r t  to determine whether t h e  thermocouple w a s  r ead ing  

s t a t i c  or t o t a l  ( i . e . ,  recovery)  p r e s s u r e ,  F igu res  42 and 4 3  were 

cons t ruc t ed .  I n  F igu re  42 the d i f f e r e n c e  between t o t a l  and s t a t i c  

p r e s s u r e  has  been p lo t ted .  agai2.t vapor v e l = z i t y  fzl-i? sevei-21 temper- 

a t u r e s .  I n  o r d e r  t o  cons t ruc t  t h e s e  curves ,  potassium vapor was 

t r e a t e d  as  a p e r f e c t  gas .  

s u r e  ob ta ined  from t h e  thermocouple r ead ing  and t h a t  i n d i c a t e d  by 

t h e  gage h a s  been p l o t t e d  a g a i n s t  t h e  s u p e r f i c i a l  vapor v e l o c i t y .  

I n  F igu re  43 t h e  d i f f e r e n c e  i n  t h e  p r e s -  
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I f  t h e  p re s su re  ob ta ined  f r o m  t h e  thermocouple r ead ing  was t h e  

t o t a l  p ressure ,  a t r e n d  somewhat similar to t h a t  of F igu re  42 

would be  expected. 

s u f f i c i e n t  t o  permi t  any f i n a l  conclus ion  to be drawn, t h e  d a t a  

appear  t o  i n d i c a t e  t h a t  t he  p r e s s u r e  ob ta ined  from t h e  thermo- 

couple reading i s  most l i k e l y  t h e  s t a t i c  p r e s s u r e .  

Although t h e  accu racy  of t h e  t e s t  i s  n o t  

Conclusion. It i s  concluded t h a t  w i t h i n  t h e  accuracy  of t h e  

t e s t ,  thermocouples can be used to o b t a i n  s t a t i c  p r e s s u r e  when 

t h e  conf igu ra t ion  o f  F igu re  38 i s  employed. 
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I X .  POOL BOILING HEAT TRANSFER INVESTIGATION 

Development o f  a l eak  i n  t h e  poo l  b o i l i n g  test a p p a r a t u s  

p reven ted  accomplishment of any expe r imen ta l  work t h i s  q u a r t e r .  

F u r t h e r  d i s c u s s i o n  o f  t h i s  i s  g i v e n  i n  S e c t i o n  V I I ,  Materials 

s u p p o r t .  
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Potassium Exit Temperature, OF 

Figure 1. Comparison of the Potent ia l  Operating Capabi l i t ies  
of t he  1-inch and 3/4-inch 300 KW Boiler T e s t  Sections 
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ITigure 2, Temperature Profiles from 300 KW F a c i l i t y  (2-inch P i t c h  
Insert). Data Obtairred at 2300 hours on 5/26/64. 
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Figure 1’5. Temperature P r o f i l e s  from 300 KW F a c i l i t y  (2-inch P i t c h  
I n s e r t ) ,  Data Obtained a t  2345 hours on 5/26/64. 
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Figure 4. Temperature P r o f i l e s  from 300 KW F a c i l i t y  (2-inch P i t c h  
Insert). Data Obtained at  0005 hours on 5/27/64. 
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Figure 5. Temperature Prof i l e s  from 300 KW F a c i l i t y  (2- inch Pitch 
Insert). Data Obtained at  0020 hours on 5/27/64.  
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Figure 6. Experimental Pressure-Temperature Data With the 
2-inch Pitch Insert (300 W Faci l i ty) .  

-74- 



1800 

1700 

1600 

1500 

1400 

1300 

1200 I I 1 I I I i I I I I  I I I 

Sodium Peclet Number (PIp,) 

Figure 7. Overall Liquid-Liquid Heat Transfer Coeff ic ients  a t  
Constant Potassium F l o w  and Temperature (300 KW F a c i l i t y ) .  
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Figure 9. Boiling Potassium Pressure Drop Multipliers As a Funct ion of 
Exit Q u a l i t y  (300 KW F a c i l i t y ) .  
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Figure  27. 300 KW Heat Transfer F a c i l i t y  
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Figure 28. Photograph of 100 KW Loop Showing Installation of New 
Test Boiler and Preboiler (C-64081717) 
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Figure  29. Photograph of 100 KW Loop T e s t  B o i l e r  Showing B o i l e r  
Tube Thermocouples, Tungsten Rod Radient Heater ,  and 
Tantalum Heat Shield (C-64081715) 
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Figure 30. Photograph Showing New 100 KW Loop Dump Tank and Dump 
Valve Installation (C-64070113) 
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Figure  31. Photograph of Zirconium Ge t t e r ing  Assembly I n s t a l l e d  i n  
100 KW Loop Dump Tank (C-64060312) 
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Figure 32. 100 KW Heat Transfer F a c i l i t y  
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APPENDIX A 

Reduced 300 KW D a t a  
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TABLE A - 1 .  NOMENCLATURE FOR 300 KW BOILING DATA 

I 
I 

Some of t he  tempera tures  r e p o r t e d  were d e r i v e d  from thermocouples 
w i t h  co ld  j u n c t i o n s  i n  an  i c e  ba th ,  whi le  o t h e r s  were d e r i v e d  from 
thermocouples wi th  co ld  junc t ions  a t  a CATS b l o c k ,  The former temp- 
e r a t u r e s  are  i d e n t i f i e d  by the s a b s c r l p t  ( I )  as i n  POT-I. 

Column No. T i t l e  D e s c r i p t i o n  

202 Date 5.194 - 5/19/64 
203 Time 1445 - Navy t i m e  
860, 862,863 P I T - I  Primary i n l e t  t empera ture ,  OF 
861, 864,865 POT-I Primary o u t l e t  t empera ture ,  OF 

"800 - 859 BW B o i l e r  o u t e r  w a l l  temperature ,  OF 
BW -A Average b o i l e r  o u t e r  wall temperature  a t  a g iven  

c i r c u m f e r e n t i a l  l o c a t i o n ,  OF 

866, 867 SIT-I  Secondary i n l e t  t empera ture ,  OF 
868, 869 SOT-I Secondary o u t l e t  t empera ture ,  OF 

*87O - 876 B I  
217 BH 
211, 213,215 BB 
222 PIT-A 
225 .POT-A 
228 SIT-A 
230 SOT-A 
233 PFMST 
235 PFMMT 

""237 SFMST 
239 SFMMT 
243 PFLO 
247 SFLO 
249 G-NA 
251 G-K 
255 BOP 
258 VPKO 
270 RIP-C 

271 DPB-G 

B o i l e r  i n s e r t  thermocouple tempera ture ,  OF 
B o i l e r  hanger thermocouple tempera ture ,  OF 
B o i l e r  bellows zone thermocouple tempera ture ,  OF 
Average primary i n l e t  t empera ture ,  O F  
Average primary o u t l e t  t empera ture ,  OF 
Average secondary i n l e t  t empera ture ,  OF 
Average secondary o u t l e t  t empera ture ,  OF 
Primary flowmeter s t ream tempera ture ,  OF 
Primary flowmeter magnet tempera ture ,  OF 
Secondary flowmeter s t ream tempera ture ,  O F  . 
Secondary flowmeter magnet tempera ture ,  OF 
Primary f lowra te ,  l b / s e c ,  
Secondary f l o w r a t e ,  l b / s e c  
Sodium mass v e l o c i t y ,  I b / f t * h r .  
Potassium mass v e l o c i t y ,  l b / f t 2 h r .  
P re s su re  a t  b o i l e r  o u t l e t ,  p s i a  
Vapor p re s su re  of potassium at SOT-A, p s i a  

head 
(BIP-C)  - (BOP) 

R s i l e y  i n l e t  press12-q psis, c n y m c t e d  f e r  l i q u i d  

*The numbers fo l lowing  BW and B I  ( such  as  BW 2 3 )  i n d i c a t e  t h e  d i s t a n c e  of  

' i n  Reference 4 ,  

t h e  p a r t i c u l a r  thermocouple from b o i l e r  Reference Plane B. The r e f e r e n c e  
p l a n e  and a l l  o t h e r  ins t rument  l o c a t i o n s  no t  d i s c u s s e d  h e r e i n  a r e  p r e s e n t e d  

**The secondary flowmeter s t ream temperature  thermocouple was i n o p e r a t i v e  
d u r i n g  t h e s e  t e s t s  The temperature  r e p o r t e d  i s  t h e  secondary b o i l e r  
i n l e t  t empera ture  e 
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De s c r i p t  i o n  Column No. T i t l e  

272 

279 
284 

286 

287 
291 

703 
707 

727 
730 
732, 733 
735 
737, 739 
74 1 

746 
747 
748 

749 

TSATKI 

QL 
QPRI 

QFLUX 

DT-SC 
QSC 

QUAL-B 
VVE L-B 
VCIT- I  
VCIT-A 
VCOT-I  
VCOT-A 
VP V C I  
DPVC 
HCOT-I  
HCOT-A 
H C A I T  
HCAITA 

S a t u r a t i o n  temperature  of potassium a t  b o i l e r  
i n l e t  p r e s s u r e ,  OF 
B o i l e r  h e a t  l o s s e s ,  Btu /sec  
Net hea t  t r a n s f e r r e d  from primary s t ream i n  
b o i l e r ,  Btu/sec 
Average h a t  f l u x  i n  b o i l e r  based  on i n n e r  a r e a ,  
Bt  u /hr  -f t 
Subcool ing of po tass ium a t  en t r ance  t o  b o i l e r ,  O F  
Heat necessa ry . . t o  ra ise  t h e  potassium tempera ture  
from SIT t o  TSATKI, Btu/sec 
Vapor q u a l i t y ,  d imens ionless  
S u p e r f i c i a l  vapor v e l o c i t y  a t  b o i l e r  e x i t ,  f t / s e c  
V e r t i c a l  condenser  i n l e t  t empera ture ,  OF 
Average v e r t i c a l  condenser  i n l e t  t empera ture ,  OF 
V e r t i c a l  condenser o u t l e t  temperature ,  O F  
Average v e r t i c a l  condenser  o u t l e t  temperature ,  O F  
Vapor p r e s s u r e  a t  v e r t i c a l  condenser i n l e t ,  p s i a  
Pressure  drop  a c r o s s  v e r t i c a l  condenser ,  p s i  
Hor i zon ta l  condenser  o u t l e t  temperature ,  OF 
Average h o r i z o n t a l  condenser o u t l e t  t empera ture ,  OF 
Hor i zon ta l  condenser  a i r  i n l e t  t empera ture ,  
Average h o r i z o n t a l  condenser  a i r  i n l e t  t empera ture  ,OF 

5 

OF 

HCAOTS Hor izon ta l  condenser  a i r  
HCAOT-NE out  l e t  temperature  
HCAOTN nor theasb ,  n o r t h ) ,  

HCAOTH 

kuth9 
Hor izon ta l  condenser  a i r  o u t l e t  t empera ture  ( a t  

. hood) ,  OF 
751 HCAOTA Average h o r i z o n t a l  condenser  a i r  o u t l e t  tempera&;re,'F 
755, 756,757 HCCAOT 
759 HCCAOA Average h o r i z o n t a l  condenser  cool ing  a i r  o u t l e t  

Hor i zon ta l  condenser  coo l ing  a i r  o u t l e t  temp., 

temperature ,  O F  
Mass flow r a t e  of a l r  I n  h o r i z o n t a l  condenser ,  l b / sec  
Heat removed i n  h o r i z o n t a l  condenser ,  Btu /sec  

h o r i z o n t a l  condenser  

condenser 

WA 766 
770 &A 
777 DTLMHC Logari thmic average  of  temperature  d i f f e r e n c e  a c r o s s  

779 UOHC Overa l l  h e a t  t r a n s f e r  c o e f f i c i e n t  of h o r i z o n t a l  
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Ti4B-G A-2 
31:; KW B G l L I n t G  D A T A 9  1 - I N * L - 6 t : 5  T I l 6 E  W/2-IM- H E L I C A L  I N S E R T  

2"2 2C3 86C 861 862 843 

DATE T I M E  P I  T - I  POT-€ P I T - I  P I T - E  

6 5.2142+?70 7oC?OC+G2 1-8503+03 1*8175+03 1*8499+03 1-0498+133 
7 5o2142+CGt 9*3q0Q+,2 1-8134+33 1o7861+03 1*8127+03 lo8126+t3  
8 5*214'3+CrZ 1*33051+33 1*796S+33 1-7772+03 1.7964+03 1-7963+03 
9 502148+36 1.7300+03 1-7757+03 1*7617+03 1.7755+03 1o?752+03 

19 5u214C+?O 1*9c00+G3 107612+O3 1*7421+03 1a7608+03 1*7507+03 

fl 5*2140+6?0 2*0930+03 1*7625+03 1.7427+93 lo7620+03 1*7618+03 
1 2  5m2145+CO 2.1Q00+63 107661+O3 1-7464+03 1o7660+33 lo7653+f33 
1 3  5e2142+C330 2*2?0C+L3 1*7645+03 1-7443+03 1*7641+C3 1.7637923 
14 5 * 2 1 4 0 + C t j  2 0 3 ~ G 3 + 5 3  la7677+U3 1*7473+03 1-7669+C3 1*7667+J3 
15 5,214=3+f3 2.4?03+i.3 1o7756+03 1*7557+03 1-7748+!23 1*7746+f3 
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812 8 1 3  8 1 4  a i 5  

23ki 77 Ah' 77 E W  77 BW77-A 

11 1.7557+$:3 1.7474+;3 1.7482+3? 1*7487+33  
12  1*7541+':3 1 .7511+t3  1.752f+L'-3 1.7526+33 
1 3  1.7511+'33 1.7482+,3 l o 7 4 9 1 + 3 3  1.7495023 
1 4  1 .7552++ '3  1 * 7 5 3 9 + > 3  1.7524+.i3 1*7528+23 
15 1.7633+!33 1 * 7 5 9 8 + ~ 3  1e7613+03 107615933 
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IN. H E L I C A L  I N S E R T  

816 a i 7  

Dk 71: BW 7 f  

1 02171+?3 1.2 181+C3 
1. 3S14+33 1 . 3 9 1 5 t i 3  
1- 5C67+C3 l o  5678+33 
1 o 8 142+ '2 3 1 8 153+ 3 
1 8 16 3 + 2 3 1 o 8 1 8 5 +a; 3 

1.7483+C3 10 7497+C3 
1*7528+C3 J.e7531+83 
1 o 7 49 9 + 2 3 1 o 7 5 1 2+0 3 
1*7526+33  1.7539+C3 
107613+33 lo7626+t;  2 

1o7563+33 1*758C+O3 
1 o 7576+ 2 3 1 0 7 5 8 8  + L  3 
1 , 7 3 7 3 + , 3  l O 7 3 8 4 + , 3  
1,7339+'33 1.7348+r:3 
1 6797+C3 1068C 6+U3 

1.64 18+? 3 1 6425+C? 
1 631Q+Z 3 1.61259C3 
1,6250+:33 l 0 6 2 6 2 + , 3  
1 0 5 9 2 8 + 3 3  1 * 5 9 4 1 + ~ 3  
1 e 6C 2 2 0  3 3 3 1 o 6 p, 3C + 

1 o 6C29+<3 
1 - 6 2 97 + 3 

l 0 6 <  35+  - 3  
1 o 6 3 li 1 + U 3 

1.6285+.53 l O 6 2 9 2 + 6 3  
1 e 6 4 8 2 t 5 3  1.6499+&3 
1 6 4 9 4 + 0 3 1 , 6 5 i j  8 9 iu 3 

1.679 1+C3 1 679c;+C3 
1 o 6 '34+C; 3 
1.587 l+  2 3 

1 o 6343+ i 3 
1.5869+C. 3 

1.5768+33 105785+G3 
1 e 5627+C 3 1 563:+c 3 

1 .6 4 1 5 + -1 3 1 6 4 23 + 3 
1,6384+1,3 1.6398+2? 

1 6473+C 3 1 0 6 4 8 ? + ~  3 
1 .6 3 5 9 +I: 3 1 6 3 7 2 + 3 

1 b ? 8 5 +  ; 3  1.64'L'~:+,3 



818  819 8 2 ~  8 2 1  822 A23 

Hh’ 7r, i3w 7,: Bh70-A BW 6 3  8 k  6 3  0W 6 3  
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3-jl K W  R O I L I N G  D A T A 9  1-1h.L-6.5 TUOE d / 2 -  

824 325 8 2 6  827 

H * 6 3 - A  B’r: 58 58 3W 58 

1 1.2184+:3 1*2173+v3 1a2169+:j3 1 ,2172+33  
2 l e 3 9 1 3 + t 3  1.3904+153 1.3905+03 1.3908+03 
3 1.5676+?3 1.5676+:~3 10567t3+&1, 1.5691++23 
4 l . e 1 3 ? + ? 3  1 . 8 1 4 5 + ~ 3  1.8136+3? 1oA155+33 
5 1.818:+?3 1.8703+33 1*8188+03 1.8224+93 

-1 22- 

828 R29 

ew 58 BW 58 

1,2173+.;3 1.22137+;3 
1*3908+23  lo3935+C3 
1 569 i + o  3 1 5688 + i 3 
1e8144+; 3 1.8 125+d3 
1 8 2 1 8 + 3 1 - 8  1 9 C + fj 3 

1 .6802+@3 1e6792+13 
1 6 340+C 3 1 6328+1“, 3 
l05862+C? 1 . 5 8 6 3 + : ~ 3  
1 e 5 774+ 2 3 
1. e 5636+c” 3 

1 577 3 +.+ 3 
1 m 5 6 3 9 + t  3 

1 
I 
1 
8 
1 
I 
I 
1 
I 
P 

I 
I 
I 
I 
I 
a 
I 
1 

a 



-1- Y %  B C I L I k G  D A T A ,  1-1h.L-635 TU3E ! 4 / 2 - I N .  FELICAL l N S E S f  

e 3 1  531 a 3 2  833 834 835 

Hhl 5E Hhr58-A EW 5i BW so 3w 5c R W  50 

11 1 * 7 5 2 6 + ? 3  1.7535+23 1,7484+03 f*7511+.33 1.7501+03 1.7516+23 
12 1,7559+:3 1.7538+23 l O 7 4 5 6 + 2 3  1 ,7549+63 l0754Q+r53 1.7540+33 
13 1o7539+13 1 * 7 5 1 4 + ~ 3  1*743F+33 1*7519+73  1*7514+';3 1.752'5+<3 
14  1*7573+.:3 1*7548+;t3 1*7543+33 1.7563+03 1 * 7 5 4 f + Q 3  1e7552+;3 
15  107656+"3  l e 7 6 3 2 + ~ > 3  1.7574+#3 1*7637+03  1.7629+C3 f07642+L3  

2 1  1 ,6456+73 1.043<+63 1.6472+63 1.643.-$+03 1.6427+1:3 1*6436+33 
2 2  1e6345+?3  1*6324+,3 1.5332+dJ3 1*6349+03  1e6327+C3 1*6344+03 
2 3  1 * 6 2 8 8 + ? 3  1 + 6 2 6 3 + ~ 3  1.0271+*13 1.6282*33 1 ,6269+?3  1*6275+2'3 
24 1*5963+'33 1 * 5 Q 4 7 + ~ 3  lo5957+33 1*5973+33  1*5952+L13 1 * 5 9 6 8 + _ 3  
2 5 1 e 6 '- 4 1 + i 3 1 o 6 L 4 8 + 42 3 1 6 * 2 3+ 3 1 0 S 2 9+ 3 3 1 60 42 +.3 3 1 0 6 C  2 7 +La 3 

-1 23- 



836 837 838  839 840 841 

;31n 5 ,  B k 5.5 - A  HW 43 Bt; 43 Rk 4 3  BW 4 3  

1.7525+~- 3 11 1 .7322+.*3  1 . 7 5 I ! 6 + ~ 3  1,75: '7+3? 1.7519tI t3  1 . ' 7 5 2 4 +  

1-3 1.75?!?+' '3 1-7504+,13 l o 7 5 1 4 + 3 ?  1.7527+23 107538+03 107534+0?  
12 1 e 7'155+:3 1.7529+,3 1.7538+63 1.7555+?3 1.7562+f33 1 - 7 5 6 2 + ~ 3  

a4 1.7564+13 1 . 7 5 5 3 t L 3  1.7544+33 1o7562+?3  1 ,7564+93  1o7572+;3 
15 1.7648+C3 1*7625+U3 1o7633+33 1 * 7 6 4 5 + f 3  1.7651+\33 107652+03 

31 1 0 6 8 2 8 + 2 3  1*6811+1;3 1*68"-)3+03 1*6822+43  1o6821+:3 1 .0833++3 
32 1*6361+C3 1.6750+U3 l06334+ii3 1 ,6353+33  1 ,6362t r j3  1 .6358+33 
3 3  1 . 5 8 5 ? + ' 3  l . ' S Q ? ? + , .  3 1.5866+(37 1.5879+33 1.5884+33 1.5874+C3 
-?4 1.5731tr:3 1 . 5 7 8 2 + - 3  1 . 5 7 7 7 + ? 3  1.5775+33 1.5793+C3 1.5786+23 
3 5  1.5664+:3 1 .5654+,3  1.5644+ , 3  1 .566 '*+33 1 . 5 6 5 4 + . ?  1.5663+. 3 

-124- E 
1 



R 4 2  343 844 8 4 5  a46 847 

13k43-A BW 36 t3M 36 BW 36 Bh 36 PW36-A 

6 Lo8344+-3 1e8361+,13 1.8369+33 108382+03 1*8385+C3 1.8374+33 
7 1*7997+13  1 * 8 ) 3 7 + 1 ~ 3  1m8017+53 1 - 8 1 2 3 + 3 3  1-8339-iC3 1*8C21+,:3 
8 1.7866+C3 ? , 7 8 7 3 + ~ 3  1.7877+33 1.7888+133 1.79C3t.33 1 , 7 8 8 5 t i 3  
9 1.7681+:3 1.76813+,'3 1 -7686+03  Lo7693+03 1.7714+33 l 0 7 6 9 3 + L 3  

1.7527+C3 l o 7 5 1 6 + > 3  1*7517+03 1 - 7 5 2 7 + 3 3  lP754OtC3 1.7525i-33 

-125- 



848 94'3 R 5 C  851  a52 8 5 3  

k3k 2 9  E #  29 sw 29 BW29-A Ek 2 3  l3w 23 

6 l084n4+:3 1.8404+.C.3 l 0 e 3 9 8 + 3 3  1*8462+33  l0R443+G3 1.8369+&3 
7 l .8?41+:3  1 .8 i7 .53+~3 l e8346+i ,3  1 .8246+23 l 9 8 @ 7 7 + t ' 3  1.8914+23 
8 1.75?2+'?3 1.7908+;3 1.7912+43 1179U7+03 1 0 7 9 2 3 + 0 3  1 * 7 8 6 8 + ~ 3  
9 lo77C11+'13 1 . 7 7 1 5 + ~ 3  1.7722+03 1 .7713+03 1.7720+33 l a 7 6 7 3 + t 3  

1 1.7542+<3 1.7545+33 1 * 7 5 5 2 + 3 3  1.7546+93 1.7565+33 1 - 7 5 1 4 + < ~ 3  

11 i.7554+:3 1.7559+&>3 i o 7 5 5 a + 3 3  i . 7557+23  i e 7 5 7 3 + m  i 0 7 s 2 4 + i 3  
1 2  1.7593+C3 1*7597+Z3 1 ,7594+0?  1.7595+33 1e7013+'13 1o7566+:3? 
1 3  1*7566+C3 1*7569+C3 1*7568+133 1.7568+03 1 * 7 5 7 8 + ? 3  1o7543+;3 
1 4  1.7592+C3 f o 7 6 0 9 + ~ % 3  le7630+;)3 1*7597+*33 107618933 1 ,7575+43 
15  1.7077+?3 1.7584+L3 1 -7686+03  1.7683+03 107699+C3 1.7655+C3 

1 6 '  1 , 7 6 1 5 t f 3  1.7625+~1~3 lO763C+O? 1 * 7 6 2 3 + 3 3  1 * 7 6 3 8 + 2 3  107596+C? 
17 1.761.'6+23 le7611+i13 1.7622+53 1.7613+33 1.7625+';3 1 .7588+,3 

19  1,7365+''3 1.7372+ ; 3  1*7382+33  1.7372+53 1 0 7 3 8 2 t f 3  1.7344+d3 
i o  i . 7 3 9 8 + ~ 3  i . 7 4 0 3 + ~ 3  i O ? 4 i 2 + c e  i 0 7 4 c 4 + o 3  1 ~ 4 i i t i 3 3  i e 7 ~ 7 a + ~ 3  

2': lo6834t : '3  lO6537+:-3 1.6844+33 1.6838+'?3 1 -6848+U3 1.6819+C;3 

2 1  1.046'33+C3 1e0461+b3 106466+.;5? 1*6462+33  l o 6 4 6 8 t 3 3  1*044Y+t3 
2 2  1 * 6 3 9 2 + f 3  1.6463+;3 1.6391+03 1.6395+!33 1 - 6 4 1 9 t 3 3  1.6386+2? 
2 3  1*6327+C3 1 * 6 3 3 C + ~ 3  lo6319+03 1.6325+?3 1o634O+C3 1 * 6 3 1 6 + t 3  
24 1*6,'5+C3 1 e 6 " 1 2 + 1 * 3  1*6032+33 1.6056+')3 lo6C21+73 1.5997+53 
2 5  loG. '71+r3 1.6"78+1i3 1.6572+03 1*61'74+03 1o6(;83+'!3 l o 6 C 6 9 + t 3  

-1 26- 



U C I L I N ' G  C A T 4 9  l-Ih.L-bC'5 TUBE W / Z - I N *  F E L I C A L  I k S E R T  

3 5 5  8 5 4  8 5 7  8 58 859 856 

t?h 2 3  3bi 23 EW 23 HW 2 3  BId-23A S I T - I  

1.2171+2!3 
1.3922tTJ3 
1.572Cit33 
1 8 196+O ? 
1 -83":7+33 

1 
2 
3 
4 
5 

6 
7 

9 
1 t.) 

11 
1 2  
1 3  
1 4  
15 

16  
17  
18 
19  
2 2  

2 1  
2 2  
2 3  
24 
25 

26 
27 
28 
29 
3" 

31 
32 
3 3  
34 
35 

36 
37 
38 
39 
4 :  

a 

l 0 2 1 8 7 + q 3  
1,3537+.';3 
l a 5 7 3 7 + C 3  

1 ,8313+33 
188 192+3 3 

1 -0551+b3  
1 - 2G 6 7 + t  3 
1 4245+C 3 
1*6951+U? 
1.59C9+f;3 

1.84 :6+33 
1.82550+C3 
1.79t?8+C3 

1 e 7547+.13 
1 e 77?9+<3 

1.8444+,*3 
1,8?77+/ ,3  
1 .7924+53 

1.7565+:3 
l o  7722+\. 3 

1 .8411t33 
1.€!959+93 
1 7 9  1 2 +  33 
1 s 77 1 4 + 3  3 
1.7553+23 

1 e 8424+?33 
f-5?72+(33 
1.7925+"3 
1 7727+O3 
1 757 1+83 

1 ,5416+03 
108558+03 
l e  791O+O3 
1 e 771  1+C3 
10?553+Q3 

1 6 1  3 3 + C 3  
1 . 5935+0 3 
l ,bC46+il3 

1.557U+C3 
1*0SC2+G3 

1*7556+C3 

l 0 7 5 6 7 + ? 3  
l e 7 5 9 9 + t ' 3  
1 .7682+53 

1 o 7591+?3 
1 7 5 8 0 +,i 3 
1.761 S+L 3 
1.7594+33 
1.7621+; 3 
l e 7 7 5 6 + C 3  

1*7542+03 
1.7594+,33 
1 e 7 5 6 6 t J 3  
1 e 769 4+33 
1 e 7 6 8 5+ 0 3 

F.7575+03 
1 76 11+Q3 
1*7589+C3 
1.7622+?3 
1.77C 1+03 

1.7562+03 
1.7598+C3 
1 , 7 5 7 3 i Q 3  
1.7637+53 
1.7688+33 

1*5399+;33 
f*54i77+d3 
1*5249+23  
1 e 5047+C 3 
1-4972+1;3 

1,7024+C3 
l o  761;+C3 
1.74?2+C3 
1o7369+23 
1,6833+ 3 3  

1 a 7626+63 
1 7 6 1  3+33 
l o  74rz 3tfJ 3 
1 o 737 3+93 
1 e 6 8  36tO3 

lO7642+C13 
107631+Q3 
1 . 742'3+/33 
1.7 39 2 +'I 3 
1 * 68 56+33 

le7628+CI3 
1 a7615+'33 
107405+03  
1e7372+33 
1*684$3+C3 

1 4972 +G 3 
1 5 1 5 7 + z  
1 5212+O3 
1 4#3 17+23  
1 - 5 1 8 5 + ~ ' 3  

1 6459+3 3 
1.6393+C3 
1 .6 3 2 3+ :: 3 
1 e 6SC2+63 
106.'37:?+C3 

l O 6 4 7 6 + b 3  
1 . 6 4 2 2 + ~ * 3  
1.6350+53 
1.5'15+1;3 
1.6'782+i,3 

1e6453+63 
lO64O6+L 3 
1*6333+53  
1 bC 1 1 + P  3 
1 6O79+C3 

1*4965+C3 
1.4327+,3 
l e 4 3 9 2 + i  3 
1 * 4 2 4 f i - i 3  
1 * 4 377+4J 3 

1,6164+:3 
l e6325+C3  
1 .6332+r3  
1 e k 5 6 c j + 3 3  
1 9 4 5 7 5+*2 3 

1*6171+c 3 
1 . 6 3 4 5 + ; ~ 3  
l 0 6 3 5 Q + L 3  
1 6hr3.3+,3 
lO6595+i93 

l e 6 0 h 7 t 0 3  
1.6324+i):! 
1o6335+03 
1 e 6 5  7 3+33 
1,6577+03 

1 - 6  G a 5 +-7 3 
1 5348 +c13 
1.5360+Q3 
1.6594+.13 
1.66G?+O3 

1 - 4 8 2 S + i  3 
1*4775+*23 
1.4566+03 
1.4789+;3 
1,5 '744+t3 

1 . 6854+ C 3  

l o  589O+C3 
i 0 5 7 9 a + c 3  
l o  5683+C3 

1*6378+i=3 
1.68 52+3 3 
1 . 6 3 8 ~ + $ > 3  
le5891;+U3 
1 5 7 9 9 3 7  
1,5686+33 

le6860+C3 
1 e6388+C3 
1*5899+C3 
1.5857+23 
1 5694+C 3 

1 .6479+t3  
1 *64?5+1'3 
106445+s3 
1 * 6 5 5 6 +  33 
1 A 4 6 6 +  1 3  

1 648 2+0 3 
1,6478+93 
l o  6449t  ;3 3 
10 556C+'3 3 
1 6 4 7 C t C ~  3 

1*6568+03  
1.65C6+23 
1 * 6475+O3 
1 ,b588+*33 
1 6497+33 

1o6491+;)3 
1 a 6486+U 3 
1 a 6458+C 3 
f o 657O+C 3 
1 * 6 479 +)? 3 

1 0 4 3 6 2 + ? 3  
1*42?2+U 3 
1 3941+d3 
1 * 3 8 3 4 + , 3  
1 0 3774+L 3 

-1 27- 



I 867 868 869  87; 

i SIT-I S n T - I  S O T - I  B I  1 3  

16 1*4967+C3 1.7166+23 1e7171+03 1o7162+03 
1 7  1e5154+23  1.7277+-3 1.7286+03 1 -7281+93  
18 1.5212+:3 1 . 7 1 2 2 + ~ ' 3  1 . 7 1 2 5 + ~ ' 3  1*7115+93  
19  1.4L1?7+?3 1.7123+<.3 1 .7138+J?  1 .7119+?3 
2 "  l o 5 1 8 C + ? 3  l- t .47S+V3 1*6485+1?3 1.647h+33 

36 1.4359+'33 1.5878+.,3 1 * 5 8 8 5 + 3 3  1o5889+"3 
$ 7  1 -4277+ '3  1.571Y+C13 1 . 5 7 2 3 + ~ 3  1.5726+33 
38 1.3936tC3 1.5667+23 1.5676+03 1.5673+'33 
1 3  1.3825+:7 1 . 5 9 G 5 + i 3  1.5614+d! 1.5813+33 
4 :  1.3769+?3 1.5761+,13 1.577d+'3? 1 .5771+?3 

-128- 

8 7 1  872 

Q I  2 1  E 1  35  

1*2226+r33 102218+,3 
1.3518+<'3 1 .3837+t?  
105135tC3 1 5297+b 3 
1 * 7 0 5 8 + i 3  1*7697+L3 
1 *7297+<:? 1 741 3+ I 3 

1 * 7 4 4 9 + ? 3  1.7541+,3 
1 725 2 + f  3 1.7 3 1 0 + ~  3 
1*7336+-23 1 * 7 3 5 9 + L 3  
1 . 7 3 2 0 + 3 3  lo7329+,2  
1 6 9 9 0 + S 3 1 - 7  i" 2 2 + '2 3 

1.7C98t23 1.7041+<3 
1.,71;56+?3 l O 7 O 7 S + ~ 3  
1 7C2 5tC 3 1 7 0 5 7 + ~  3 
l o 7 0 7 3 t 2 3  1 * 7 0 9 8 + - 3  
10729QtO3 1.7218+C3 

1 - 7 1 8 9 + ? 3  l o 7 1 9 8 + i 3  
1.7286tC3 10 729G+t3 
1 -7124+73  1.712S+rj3 
lo7119+C3 1.7?.15+<3 
1 o 6498+ 3 3 1 0 51 5 +L 3 

1 o 5 7 18 + G  3 1 5 7 57+C 3 
f06122+03  1*6192+b,3 
Lo5894+C3 1.5926+03 
1 0 5 7 5 9 t 2 3  1*5940+b3 
1*5858+23  1 e 6 3 1 4 + t 3  

1 5 5 5  8 +3 3 1 6Ca 13 + j 3 
l e  5 8 3 1 + W  1 * 5 9 2 3 + i  2 
1 -5795 tC3  1 -5885+ ,3  
1 5 S 1 8 + C  3 1.0926tL3 
1*586/9+53 1*5943+L3 



5:): KW BCILING D A T A ,  1-1h.L-6'5 T U B E  W/2-InJ- HELICAL I N S E R T  

e7 3 874 875  876 2 1 1  213 

B I  49 B I  63  e 1  77 B f  91 t3R BB 

11 L07J73+C3 L17Q82+u3 1.7982+03 1.6826+03 1 0 5 5 5 7 + 2 3  1 * 5 4 9 2 + , 3  
1 2  1 . 7 1 ~ 6 + + - ' 3  i . 7 1 1 ~ + . ~  i , 7125+03  i . 6 w i 2 + m  i a i 6 o + c 3  i . s 4 a ~ + . ; 3  
13 1 a 7 - 9 0 + 2 3  1 -7^94+C3  1.6997+03 1 -6872+03  1o5420+8;3 fe5337+L3 
24 1*7125+23  l07135+G3 1 0 7 1 3 C + 0 3  1.5937+03 l e 5 2 4 3 + C 3  1 - 5 1 5 1 + t 3  
15 107237+':3 1 . 7 2 4 1 + ~ 3  1.7214+i33 1-7'144+.33 1*5157+;3  1 0 5 ' 7 ~ 6 1 + t 3  

16 1- 719'3+'?3 1 t 7216+33 1 o 7216+03 l a  7324+93 l o 5  168+L? 1 5C467+t3 
1 7  1*73Ci4+?3 1 * 7 3 0 4 + ~ 3  1,73~34+93 1.7025+93 1o5345+;3 1*5249+C3 
18 107138+*:3 1 * 7 1 3 8 + t 3  1*7138+53 1 -6913+03  1*5392+C3 le5299+' ,3  
19 107119+  3 1*7119+L3 1,71lG+C3 1*71359+03 1 * 4 2 5 2 + 3 3  1 - 4 ? 9 6 + ~ . 3  
2 " .  106537+:3 1 * 6 5 5 C + ~ 3  1*6621+03 1 -6238+03  1*5326+'23 1 * 5 2 6 5 + t 3  . 

2 1  1*6174+2-3 1-6196+;3 1*6231+33  1*5813+93  1*5142+33  1.5045+;3 
2 2  10 5864+33 1.59t?l+S3 1. 6078+03 1.5542+03 1*4482+;  3 1.441O+C3 
23  105872+73 1.59fi8+C3 lo6U5G+$? 1 -5549+03  1*4556+73  1o449rJ+i?  
24 1 * 5 6 1 2 + 3 3  1 .5647+f3  lo5748+03 lo5283383  1*4398+C3 lo4341+  3 
2 5 1 0 5 7 24+ 1:: 3 1 5 75 3+,4 3 1 5 8  3 8+;t 3 1 e 5 39 1 +a3 3 1 - 4  545 + i 3 1 . 4 4 7'3 + -c 3 

-1 29- 



215 222 225  2 2 5  

0R PI T-A POT-A S I T - A  

6 l o 6 2 1 7 + ? 3  
7 1*63?8+:?3 
8 1.6115+63 
3 1,6:76+f3 

1. 1*5642+C3 

11 l O 5 4 8 4 + C 3  

1 3  1.5332+C3 

1 5  105G52+C3 

1 2  i . v + a ~ 3 + ~ 3  

1 4  1*5138+C3 

16 1.5154+33 
17 1.5235+P3 
18  1 . 5 2 9 1 + , 3  
1 9  1*4379+(13 
2 3  1o526O+63 

31 1.5574+$3 
3 2  1 0 5 3 1 9 + ? 3  
33 1 .5259+";3 
34 1.4871+53 
35 1.4077+1'3 

36 1.4436+33 
37 1.4358+?33 

39 1 3 9 3 7 + 3 3  
38 i . 4 a z i + o 3  

4 '  103e55+?3 

l085Oi3+Li3 

1.7965+t 3 
lO7755+G3 
lO76O9+k3 

1.762 l + K  3 
1.7658+63 
1.7641+b3 

l O 7 7 5 2 + i 3  

1 .8129+43  

1-7671+ ~3 

i e 7 h a 8 + ~ 3  
1 . 7666+ 33 
1 7 4 5 6 + ~  3 
1 . 741 2+$3 
l O 6 8 8 8 + b 3  

1.6519+;;3 
1.6487+,3 
1 6 4 2 6 + j  3 
1.6n76+;3 
1.6146+; 3 

1.6122+;3 
i m a q + c 3  
1 o 6398+L 3 
1*6659+C3 
1*6654+1~3 

1 . 6 9 2 1 + ~ 3  
1 * 6 4 4 8 + ~ 3  
1 . s 9 5 5 + t 3  
1.5868+03 
1*5766+b3  

1*6549+53 
1 6552+1~ 3 
1 . 6 5 2 6 + ~ + 3  
1 . Oh42+C3 
1.6553+C.3 

1 .8179+O 3 1 0 6 135+O3 
1.7865+33 lo5936+33  
1.7776+;33 1.6047+03 
1.7624+2? 1.6rdQ5+1?3 
1 o 742 7+O 3 1 1) 5 5 79 +t3 3 

LO7434+C?3 1.540$+03 
10747C+33 1.5465+03 

1 747 8 + 3  3 1 . 5047+03 
1 1 49 6 9  +f) 3 

1 7447+i) 3 1 o 5249+33 

7 5 4 2 + 3  3 

1 . 75 18+03 1.4968 + 0 3  
1.7!536+03 1.5156+03 
1.7346+03 1.5212+03 
107303+33  1.4012+03 
1 0 676 9+0 3 1 5 18  3 +'3 3 

1 *6dl ! j+I3  1.4818+ 13 
1.628f+33 1.4777+03 
lo627(3+333 1*4569+03  
i 0 6 4 i 6 + 0 3  i o 4 7 a o + 0 3  
1.6437+33 1 e 5045+q3  

1.6371+i33 1.4361+33 
1 634 7+Q 3 1 4275+O 3 
l*E311+i)?  1 .3939+33 
1 o 6 4 2 ~ + G 3  1.3829+\33 
1*6341+03  1*3772+03  

IN. H E L I C A L  I N S E R T  

230 233  

SCT-A PFMST 

1 1247+3 3 1 . 2 1 1 2 + C  3 
1,2944+33 1.3819+03 
LO4861+C3 1.56 f 3 + C 3  
1 761O+Z 3 lO8C33+C3 
i , 7 1 5 a + m  io8nz3+c; ;3  

197325tC3 1.8148+C3 
1 ., 7176+O 3 1 7 8 2 3 + i 3  

1 ,7314+33 1.7592+C3 
l O 6 9 6 5 + C 3  l O 7 3 8 9 + L 3  

1 a 7 3 1 l + O  3 1 0 7 74:: +C 3 

I ,6973tC3 1.7428+&3 
1,7cia+1=3 i , 7 4 4 1 + c 3  
1.6985+C3 1.7423+63 
1 7 G 3 1 + $1 3 1.7 4 5 1 +G 3 
1 7 162+O 3 lO754C+2  3 

1 a 7169+; 3 1,7487+;3 
1*7282+C3 1 -75G2+t3  
1o7124+03 1o7312+C3 
1 o 7 1 3 3 +O 3 1 o 727C +C 3 
1*6481+83  1*6741+G3 

1 ,6  1O3+O3 1067Ci7+C3 
1 5779+C3 1,62?S+C3 
1 * 5 4 9 9 + @ 3  1,5BG3+,3 
1 *5430+9 3 1.57 1 2 + i 3  
105103+$93 l 0 5 5 6 1 + C 3  
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I 
8 
I 
E 
1 
1 
I 
1 
f 
3 
I 
I 
1 
e 

235 237 239 243 247 249 

PFMPT S F M S T  SFK1YT PFLO S F L O  G-NA 

1 1e6977+C2 1*2551+:3 1*2863+02 6*7972+qP 3,6839-51 1.3713+:+7 
2 1.8373+:2 1.2"67+,:3 1 . 2 7 4 2 + 3 2  7.3261+?0 5,9219-01 1,4131+i,"? 
3 1=9456+C2 1 * 4 3 4 5 + % ~ 3  1*3r?44+32 6 0 9 O O 4 + 3 O  603215-31 f o 3 9 1 8 + t 7  
4 2e3517+C2 1 . 6 9 5 1 + ~ 3  1oft80Z+32 6e7256+00 608956-Cl 103S60+G7 
5 2e2i85+'2 1*5909+1.3 1*3605+02 6*7343+00 302190-31 1*3583+.27 

6 2e183C+?2 1 * 6 1 3 3 + b 3  1*3482+02 6*7712+00  3-3627-21 1.3658+<7 
7 2-2138+?2 1*5935+:3 10423C+i)2 bo77413+98 3.2224-Cl 1.3663+?37 
8 2o3657+C?? 1 . 6 ? 4 6 + ~ 3  1.591?+32 6,7815+'>0 3,2128-21 1=3578+i t7  
9 2*4563+C2 1*6C:.U2+~3 1 = 6 4 1 s + a 2  6.8438+00 3-2113-61 1 * 3 8 0 4 + ~ 7  

10  2o4262+'?2 1 .557C+i3  1.6136+32 6.8816+00 207779-61 lo3880+27  

11 2o397O+C2 1 * 5 3 9 9 + ~ 3  1*5712+32 6.8582+00 2-5762-Cl 1.3%33+37 
1 2  2o36O3+?2 1 - 5 4 0 7 + t 3  1e5235+32 6*8539+00 2-3839-01 1*3824+$7 
13 2.3197+02 1,5249+L.3 l e 4 9 4 7 + ~ 2  6,91+1+9Cl 2,1C04-31 103946+57  
14  2*2675+02 1 * 5 n 4 7 + ~ 3  1*4234+52 6*9089+00 109432-91 1o3935+37 
15 202472+C2 1-4972+;.3 1o3772+32 6,7796+09 1-7238-C1 1*3674+<7  

21  2 -  3229+?2 1 4 9 6 5 + ~  3 1 e 586,+ 32 60 9505+31' 3.2313-31 1 4 ? l F + t  7 
22 202232+q2 1 . 4 3 2 7 + ~ * 3  1*472ci+02 6*9853+00  3.1493-31 1o4Q91+27 
2 3  20 1557+C2 1 * 4 3 9 2 + _ 3  104133+i'i2 6.8473+130 3,0261-01 1o3811+&7 
24 202683+P2 1=424O+.-3 1.3567+32 6.935%+00 3,1619-Cl 1o3979+-7  
25 204529+,2 104-377+*-3 le3457+32 6.8954+32 30C443-i l  1o39r 8+C7 

36 2e1683+ '=2  1.4362+:23 1.4916+;32 6,7631+90 2,3169-.31 le3641+C7 
37 2e1593+C2 1,4272+;3 1.4797+'32 608424+r30 2*21;87-*21 1*3797+C7 
38 2a16')1+ 32 1 . 3 9 4 1 + ~ 3  le4485+32 5,9518+3:3 1o9355-Cl 1 -4 ! ' 22+~7  
39 2 0  1522+?2 1 , 3 R 3 4 + ~ 3  lo4274+i=:2 6.9445+00 1-9C22-dl  1*4607+C7 
4ti 2 0  1225+?2 103774+33 1*38C1+02 6-8239+8@ I.o6313-@1 1*3764+C7 
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I 251 255 258  27fi 271  272 
I G-K 3 O P  V P K C  R I P  Q P D - G  T S A T K  I 

1 3.2827+@5 4.7151+ 2.9187+.cfC 6*4779+'c'O 1.7228+59 1*2461+C3 
2 5.277j3tC5 8,9A39+ 8.5854+ 1 .5561+M 6 . 5714 t  33  104C47+t  3 
3 5 . 6 3 3 2 + C S  2.3311+ 1.56b2+,3 

5 2.8684+C5 6 . 5 5 2 6 + i l  6.C21)0+31 7, '3164+01 906374+2'3 1.757S+C? 

~ 2*3156+31 3*2293+01  9*2829+  
4 6*1446+:5 7014 ;39+~1  7*,3944+81 7.7764+01 6*3545+Q3 1o7871+63 

11 2 * 2 9 5 6 + 0 5  506380+~r l  5.0172+01 6.1153+31 4.7733+93 lO72GC+G3 

1 3  1.8717+C5 5.6524+1?1 5*64;33+31 6.0283+31 3.6793+Cr2 1.7157+;13 

15 1*5405+55  6.C152+01 6.C294+01 6.3113+421 2.9584ti33 1.7286+,:3 

12 2 0  1243+25 5 .6754 tb l  507123+01 60 1556+31 4*8020+C'3 1*7219+1;3 

14  1e7315+?5  5*687C+bl  507436+1)1 600807+01 309380+313 1 o 7 1 8 5 + t 3  

1 
1 
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2 7'3 284 2 8 7  291 70 3 7c.5 

Q L 6 D R  I CT- 3c R S C  QunL-e VFV-B 

36  2.2215+ 3 ,489 '2+~1  l*8178++32 8,6023+26 1,4969-01 409594-Cl  
37 202188+Tr) 4 , 3 9 8 9 + ~ 1  1 .8442 t j2  8,3082+~3(3 1.9464-c' 1 6.5384-t.! 1 
3 8  2e2393+ 4,3571+L.1 2.132C+32 8,2428+9[)  2,4297-11 7 , 1 8 1 $ - - 1  
3 9  2*2459+Cfi 4,5187+:'1 2-3456+32 9.3453+00 2.4678-21 6,8987-51 
4.1 202184+"6 4*2414+i ' l  20318;+32 706538+0k' 207422-Cl 6 .4850- i l  
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7 ,7 7 1 3  7 1 5  717 72;; 721 

V C O T - I  VJEL-8 VCIT-I VCI T - I  VCIT-A VCCT-I 

2h 7, ;242+Cl 1.5664+;3 1.5654+33 1.5659+33 1.56;10+33 l 0 5 6 5 9 + ; 3  
27 5.531'i+i71 1 581 l + i 3  1 581 5+33 .lo 5813+03 1 5776+33 1. 5811+L3 
2 8  5.1433+C1 1-5829+;3 lo5816+03  1.5823+93 1*5792+C3 1 .5824+&3 
2 9  2*118'3+?2 1 , 5 4 2 7 + ~ 3  Lo5427+93 1*5427+.13 1 * 5 2 9 7 + ? 3  1*5337+03  
3 1,7174+52 1 .5618tb3  1.5616+.33 1.5617+33 1.5518+33 1 - 5 5 5 9 + ~ 3  
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7 2 2  724 7 2  7 733  

VCO T- I VCCJT-A VF. '  V C I  DPVC 

3 6  1.5845+"3 1 , 5 ! 3 ~ 5 + t 3  3 ,5935+71  7,1787-91 
37 1 * 5 6 6 2 + ? 3  1*5621+33  3 . 3 3 7 4 + ~ 1  803368-01 
38 1 * 5 6 1 1 + ? 3  1 , 5 5 7 5 + ~ 3  3 , 2 8 3 6 t J l  9, :~267-iSl 
39 l e 5 7 5 6 + C 3  1 .5?49+k3 3,4735+C1 4.3485-01 
4 3  1.57+J9+1:3 i .57:3+>3 3 . 4 i 7 i t j i  4,4785-31 
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, I % .  hEtICAL INSERT 

732 733 

H C C T - I  HCOT- I 

1 6 C  3 3 + ': 3 1 o 65 2 4 + . 3  
1.5358+23 1,5324+1/3 
1 - 5 5 4 4 + 2 3  1 .5518+t  3 
1*5287+33  1 0 5 2 7 4 ~ - 3  
1.5472+:3 1- 5-;4c;+,3 

1*6 ;13+ ;3  1*5997+53  
1 e 5 7'3 1 +.t: 3 5 69 3 + L 3 
1.5425+*?3 1 . 5 4 5 2 + < 3  
1 s 5355+23 1 . 5 3 5 3 + ~  3 
1 * 5 i 4 4 +  3 l e 5  34+'43 

1 

i . 5 a 2 6 + 5 3  i a 5 t m + ' ; 3  
1 o 5652+C3 1 o %~31+t .  3 
1 ,5613+93  1.5584+33 
1.5748+33 1.572Cj+C3 
1,5721+1',3 1.5696+"3 



735 73 7 739  741 745 747 

I -CCT-A PC.9 I T  kCA I T  H C A I T A  H C A C T Z  b C  A 0  T -NE 

16  1 . 7 1 2 2 + * 1 3  l06344+Lj2 1.2912+22 1 ,4628+32  l 0 3 7 5 5 + C 3  1.3688+C3 
1 7  1.7223+ :3 1.2305+~3 1.3147+33 1 . 1 2 2 6 +  j 3  3.554.l+Y'2 3.6231+,2 
18 1*7G7;76+C3 1 - 2 2 3 8 + ~ 3  1ot1#93+Q3 1.1165+'i3 209699+02 3*1857+&,2 
1 9  1.7392+23 1.2795+33 l.C28C+03 1.1287+13 3,0779+02 3.3125+62 
22 1*6423+fJ3 1 .1763+<3 9 . 7 1 7 ~ + 9 2  1.3738+'33 3.2343+$2 3.3769+L.2 

31 1.61>03+97 1 . 2 1 6 4 + ~ 2  leC,8nC+32 1.1482+:22 1.3815+?3 1.381C+23 

33 1-5444+::3 1.175'3+.>3 8 . 8 4 8 8 + ~ 2  9.9543+ r2 3.1760+32 3.327?+L2 
32 1 5697+C3 1.4971tL2 1.25 2 7 + 3 2  1. 3739+32 1.2945+';3 1 * 2 9 1 4 + ~ 3  

34 1o5354+C3 l . l n 2 8 + ~ 3  8,8181;+32 9.923'3+72 3,1140+'2 3 0 2 5 3 6 + t 2  
35 1 0 5 S 3 9 + C 3  1.3266t02 1,1990+02 1.2628+32 1.2977+23 1.2968+23 
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3?f K W  B G I L I N G  D A T A ,  1-1h.L-6C.5 T U B E  H / 2 - 1 N -  H E L I C A L  I N S E R T  

748 749 7 5 1  755 756 757 

HICAOTN H C 4 0 T H  HCAOTA HCCAOT HCCAOT HCCAGT 

1 5,4129+C2 5..?301+$2 5*304ti+02 1 -1381+02  1e1205+C2 1 - 1 6 8 9 + ~ 2  
2 1.1222+33 l . i 1 3 S + ~ 3  1.1211+33 l .u321+?j2  3 * 8 8 9 0 + i ~ l  9.97?4+(;1 
3 1 * 3 1 1 7 + f 3  1*2974+i13 1*3162+U3 9*8054+01  9e7614+C1 9*8"~54+Cl  
4 1*3481+33 1.3182+d3 1 -3468+03  1*i1842+'32 1*?534+C2 l e l ' j 6 2 + 2 2  
5 l e 5 1 4 5 t C 3  1.5753+C'3 1*5149+33 7*7110+r) l  7*5790+01  7*535*1+Ql 

11 1*4177+C3 1 - 4 n 4 6 + t 3  1*4284+,03 1*L755+02 1*1667+02 1-1843+02 
1 2  1.4215+*:3 1 - 4 ? 6 9 + ~ 3  1-4236+03 1.1209+92 1*1077+02  1.1341+22 
13 1*4264+'?3 1 * 4 1 3 3 + ~ 3  1*4291+03 1*3817+02 1eO729+'_2 1o';9<.5+~2 
14 1*4284+T3 1-4148+53 1.431L+53 1*3276+52  1*6144+92  le4332,*+b2 

2 + 5 3  1*3F343+03 1*4024+d3 l.c)2d1+32 IoCCZ5+?2 1 * 3 3 7 7 + ~ 2  

35 1 . 3 4 2 2 + : 3  1 + 3 2 8 6 + i 3  
37 1 * 3 8 6 8 + G 3  1m3776+53 
38 1 * 3 8 > 5 + ? 3  1 * 3 7 J 9 + ~ 3  
39 1.3927+03 1 * 3 8 3 1 + ~ 3  
4 3  1.3843+' :3 f13?45+>3 
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3 5 3  K2 R O I L I N G  D A T A (  l-Ih.L-6C5 T U B E  W/2-IN0 H E L I & A L  I N S E R T  

759 765  772 777 779 

t- 13 C 4 '7 A \4 A Q4 O T L M H C  U C K  

7.8735in2  l o  r 26 1.2429+C2 3 ,  J *  

27 1 , ,534+ '2  0 ,  -a3 0 7*9212+02 -13- 
2 8  1.2918+C2 0- oe 9.4231+02 0 .  
29 c i e 5 , ' ? ! 3 + C l  8.6482-CZ 2,7906+31 5,8262+02 204G37+61 
3 '  906472+21  7,3203-k2 203744 t31  603474 t32  Lo9704tCl  

3 1  1*;184+'32 5 0 C 5 3 @ - ~ 2  l e 6 2 3 7 + 3 1  6.7095+92 1.2145tGl  
3 2  1* ,996+?2  2,4462-t-2 701291;+03 701258 t02  5o0206+CO 
33 1.1298tC2 0 ,  -90 a , 4 5 w j + ~ ~  -3. 
34 1,1425+62 0, -3  0 8.4165+02 -90 
35 l o  1418+?2 3.4753-22 l .C278+31 6 ,2461+02 8 -2578+03  
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3 3 1  Kh' B G I L I N G  D A T A ,  l-fIV*L-6Q5 TUBE W/2-IN. HELICAL I N S E R T  

2 '7 2 2 0 3  8 4 C  861  e62  867, 

C A T E  T I M E  P I  f - I  P O T - I  P I T - I  PIT-I 

6 1 6 8 8 7 + i: 3 
7 5.2540+130 202360+,i3 1.7354+03 1.7111+.33 1.7353+1?3 lo7351+t i3  

5 . 2 5 40 + 0 c7 2 . ir n 0 S + 5 3 1 -0 8 9 8+0 3 1 I 66 6 1 +Q 3 1 . 6 8 9 1 + G 3 

8 5*2640+CU 6*3Fz11O+ii2 1*7415+03  1 * 7 2 8 5 + 0 3  1.7405+03 lo7402+U3 
9 5m2643+CO 9*3?00+t.2 1*7691+V3 1*7488+03  1 * 7 6 8 7 + 0 3  1*7684+f53 

15 502648+CO 1*1000+U3 1.7612+03 1*7423+03  1*7603+03  1*7604+G3 

21 5*274O+CO 7*4500+62 1*7235+03 1*7C92+33 1*7232+23  1*723Q+r?3 
22 5*2740+:0 9oc)"c)*.?+i12 1.7246+03 1-7298+03 1*7240+23  1.7233+G3 
2 3  5*2740+CO 1*1300+03  1*76QC+03 l o7376+03  1*7594+'_'3 1*7591+&3 
24 5*2740+1?0 1*40ilC+L3 1-7941+03 1*7643+03  1.7929+03 1*7931+ -3 
2 5  5*2749+CPJ 1-5"103+53 1*7993+03 1 * 7 6 6 5 + 9 3  1*7587+!:'3 1 .7188+03 
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3 2 '  K:-? A C I L I h G  I2Al.4, l- ln.L-c-5 T U B E  d / 2 -  

3 6 4  9 c  ? a c  1 ac2 

P O T - I  RW 91 3w 91 8% 91 

-140- 

80 4 8C5 

Eh 9 1  E\r;91-A 

1 8 149+('- 3 1.8 185+ J 3 
108244+:3 l 0 8 2 3 1 + u 3  

1,8364t ; ?  1.8172+'.3 
1 a 8 3 2 9 + 2 3  1of3337+;3 

~ + 6 a 5 8 + : 3  ~ 6 ~ 6 i + ~ 3  

1 7 1 1 9 + ,. 3 1 7 1 3.4 + I 3 
I. -7 1,?6+L ? 1e7137+, 3 
1 e 7 4 2 3+ 3 1 e 744.1: +L 3 
1 7 7 ? 5 + < 3  l 0 7 7 2 3 + G 3  
1 7728+':3 l 0 7 7 5 3 +  - 3  

I 
E 
1 
8 
1 
1 
5 
1 



3 0 3  K'rJ H C I L I A J G  D A T A ,  1-1h.L-655 TUBE W / 2 - I N *  t i E L I C A L  I N S E R f  

8 C 6  8?7 8C8 809 8 10 811  

BW 84 BW 84 B W  a4 BW 84  BW84-A 81rl 77 

6 1*6738+C3 1 * 6 7 1 8 + 0 3  1*6725+03  1 * 6 7 2 0 + 0 3  1.6725+03 1*6731+C3 
7 1 * 7 1 9 9 + 0 3  1 * 7 1 8 2 + 0 3  1*7185+03  1.7178+03 1*7187+03  1 * 7 1 9 4 + ~ 3  
8 1*7342+C3 1*7327+i.3 1*7344+93 1 * 7 3 2 9 + 0 3  1.7336+03 1 0 7 3 3 3 t 0 3  
9 1*7578+C3 1 * 7 5 5 8 + 3 3  1*7568+03  1 * 7 5 5 7 + 0 3  1 * 7 5 6 5 + 3 3  1.7568+03 

16 1*7473+03  1 * 7 4 6 1 + b 3  1*7476+03  1 * 7 4 5 9 + 0 3  1 * 7 4 6 7 + 0 3  1*7463+C3 

11 1*8126+03 1*8110+03  1.8185+03 1*8115+133 1 * 8 1 1 4 + 0 3  1*8133+03  
1 2  1 * 8 1 6 5 + F 3  1 * 8 1 4 1 + 0 3  1 * 8 1 3 8 + 0 3  1 * 8 1 5 4 + 0 3  1.8150+03 1 * 8 1 6 8 + 0 3  
13 1 8 178+O3 1 8165+03 1 8165+O3 1 .8178+03 1 8 172+O3 1 *8191+633 
14 1*8133+03  1*8124+U3 1*8122+03  1 * 8 1 3 3 + 0 3  1*8128*03 1*8150+03  
1 5  1*8120+C3 1*8117+U3 1*8119+03 1*8116+i13 1*8118+f j3  1 * 8 1 4 8 + Q 3  

16 1.8238+03 1.8239+W3 1.8231+33 1 ,8236+83  1.8236+03 1 * 8 2 7 6 + 0 3  
1 7  1*835)4+i33 1*83306+133 1*8274+03  1 * 8 2 6 0 + 0 3  1*8286+G3 1*8338+X;t3 
18 1*8401+C3 1*8373+U3 1*8385+03  1 * 8 3 5 7 + 0 3  1.8379+03 1.8382+33 
19 1*8418+83 1 * 8 3 9 1 + 0 3  1*8408+03 1.8397+03 1 * 8 4 0 4 + 0 3  1*841"1+33 
2 0  1*0906+C3 1 * 6 8 9 1 + 0 3  1*6894+03 1 * 6 8 7 4 + 0 3  1 * 6 8 9 1 + 0 3  1 * 6 9 2 1 + 0 3  

2 1  1*7173+C3 1 * 7 1 4 7 + 9 3  1.7169+33 1*7151+?)3  1 * 7 1 5 9 + 3 3  1*7159+Lf3 
22 1*7173+C3 1 * 7 1 5 6 + 0 3  1*7171+03  1*7162+03  1 .7165+03 lo7154 tO3  
2 3  1 * 7 4 7 6 + 0 3  1 * 7 4 5 9 + 0 3  1.7474+;33 1 * 7 4 6 1 + 0 3  1.7468+03 1*7466+03  
24 1*7762+133 1*7748+03  1*7756+23  1 * 7 7 6 1 + 0 3  1 * 7 7 5 7 + 0 3  1*7755+33  
25 1 * 7 7 9 6 + @ 3  1*7776+~13  1*7792+03  1*7784+133 1 * 7 7 8 7 + 0 3  1*778E+C3 

-141- 



812 813 814  815 814 8 17 

0w 77 3w 77 EW 77 Rd77-A Bk 7.; EM 7 C  

h 1.6739+C3 1 . 6 7 C 2 + c 3  
7 l072X'?6+C3 1.7164+23 
8 1.7348+C3 1,7325+03 
9 1.7583+73 1.755 '3+'~3 

1-4 l o 7 4 9 0 + C 3  1.7445+153 

11 1.8155++23 1.8ri98+03 
1 2  1.8193+23 1 . 8 1 3 9 + ~ 3  
13 1.8215+'23 1 . 8 1 5 7 + ~ ~ 3  
14  1-818(3+33 1.8119tb3 
15 1*8176+S3 1 0 8 I L l + d 3  

16  1.8319+C3 118234+u3 
17 1 -8353+?3  1.8282tb3 
l a  i . a408+c3 i08357+cx3 
13 1ot?417+:3 1 .8384td3  
2.: 1.6911+':3 1 .6375+33 

2 1  1.7149+C3 1.7133+L3 
2 2  1*7173+C3 1.714O+L3 
2 3  i .7484+23 1.7449ti33 
74 1.7781+,13 107737+ii3 
7 5  Io7821+ ' :3  1.7763+(:3 

1 .6731+% 
1.7 19  3+93 
1.7336+33 
1.7561;+33 
1.7466+33 

1.8125+33 
1 . 8152+O3 
1 a e l  8Z+i)3  
1.8139+33 
108141+33 

1.8258+33 
1 . 82 96+3 2 

1.8398+33 
10689C+i)3 

1 7 1 5  2+ '3 3 
1 71 5 9 + 0 3  
107462+03  
1 .7757+3?  

1 e838 l + J 3  

1- 7788+'.13 

1.6726+33 
1.7189+33 
1 . 7 334+.33 

1.7466+(33 
1- 7566+O3 

1*8127+03  
1 . 8 163+93 
1*8186+33 
1 8 147 +93 
I o  8 144+33 

1.8273+~33 
1o8317+33 
1.8382+;33 

1.6899+33 

1.7153+33 

1.7465+33 
117757+93 
1.7790+93 

1 . 84O?+33 

1-7156+33 
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1 8146+ ;3 1.8156+;3 

1 . 821O+O3 lO822C+C3 
1o8182+33 1.8195+C3 

1 o 8167+C3 1 .818*>+i3  
1 8156+23 108179+U3 

108298+C3 1*8311+C3 
i O a 3 4 i + o 3  108356+C3 
i.8377+';3 i 0 8 3 a 4 + 0 3  
l e 8 4 0 1 + Q 3  l o  84C4+C3 
1 ,5904+63 1.6927+C 3 

1 e 7142+ 5 3 1 7 15$2+ 23  
10715O+:C13 107156+C3 
1 *7463+:3 1 7471;+03 
1.7756+63 l07765+C3  
Io7787+33  1*7795+C3 



e13 8 1 9  8 3 L  8 2 1  8 2 2  8 2 3  

2 1  1.7145+C3 1*7188+:3 1*7156+03 1 .7123+33 1.7143+53 1*7171+'33 
2 2 1. 7 1 7 9 + ~  3 
2 3  1.745:+13 1*7497+, ,3  1.747rJt33 1*7444+.13 1.7456+33 1*749S+:,? 
2 4  1-7742+1"3 1.7799+',33 1*7756+D3 1.7737+33 1 * 7 7 5 1 + < 3  1.7 
2 5 1 7 7 94+ a 3 1 7 8  3 7+("3 1 75 .'; 3+ 2 3 

1 - 7 134+ 2 3 1 7 196+; 3 1 71 59+J 3 1 7 129+ 3 3  1 0 7 142+i: 3 

1 7 77 5 +<I 3 1 7 8 34 +is 3 I 7 8 3 4  + -. 3 
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824 825 820 827 028 829 

Bh03-A HW 58 t3w 58 DLJ 58 Bk 58 3w 58 

1 1*6116+C3 1*6107+C3 1*6104+03 1*6112+G3 1o6123+G3 1~6118+i? 
2 1.5839+53 lO5833+i;3 le583C+33 1.5828+33 1.5827+.33 1.5834+~3 

4 1,5632+23 1.5628+23 1*5629+03 1,562?+03 lO5c35+23 1.5622tS3 
3 1e5762+C3 1.5753+U3 lo574E+O3 1.5747+03 1e5753+03 fo575C+C3 

5 i05498+c3 1.54a8+c13 i05489+w i.55~3+03 i0549i+i;? io5492+\j3 
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3 3 1  KW H C I L I N G  D A T A ,  l-Ih'.L-6"5 T U B E  g/Z-INo H E L I C A L  I N S E R T  

8 3.3 331 8 3 2  8 3 3  834  835 

6 l . h 7 ? 3 + t 3  1 * 6 7 4 8 + t 3  1.675C+U3 1 -6759+33  1*5741+C3 1*576t-+i;3 
7 1*7237+.:3 1.721cI+C.3 1.7214+03 1.7231+03 1o7199+r1;3 1*7223+t3 
8 1 . 7 3 6 5 + 7 3  1 . 7 3 2 9 + ~ 3  1.7332+:33 1.7336+?3 1.7326+1;3 1.7335+'33 
9 1.76-*5+':3 1 -?575+i$3  1.7582+33 1.7586+33 1*7569+?3  1*759Q+d3  

1- 1.7512+i3 1 .7481+i3  1.747Sto3 1.7491+33 1 ,7474+~23 1*?491+63 
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836 837 838  8 39 840 841 

t3k 5 2  Bh5G-A BW 43 Ri.l 4 3  B k  43  R W  43  

21. l e  7164+C3 1 * 7 1 5 6 + J 3  1.7142+123 1 .7151+33 1.7168+23 1*7161+U3 
2 2  1 0 7 1 7 1 +  :3 1*7159+33  10714&+33  le7155tr33 l o 7 1 7 3 t 3 3  1 - 7 1 6 5 + 9 3  
? 3  1,7497+93 1.7483+b3 1 ,7472tC3 l o 7 4 9 l + Q 3  107498 t23  107499tC3 
74 1*7812+C3 107795+63  1o7787+33 1*7809+03  1a7814+;3 1-7817+L3 
2 5  1*7856+33  1 - 7 8 3 7 + ~ 3  1.78'38+33 1.7855+133 lo7857tr37 1 - 7 8 6 3 + 2 3  
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'3 4,' 

13 h 4 3- 

1 1  1.823?3+?3 
1 2  1.8281+ '3  
1 3  l.i?l,t.G+23 
14 1.8272+ '3  
15 1.t3272+4:3 

- 4 C I L I N G  D A T A T  l-IN.L-6i"5 T U B E  W/2- 

8 4 3  8 4 4  845  

BW 35 RW 36 BW 36 

1 . 6 1 4 2 + ~ 3  1.6144+'33 1 ,6164+93 
'L15949+i3 1,5845+,83 1.5961+33 
1 5 76 3 1 57 b 3+ u 3 1 5 7 7 7 t 3 3 
1.5636+3.3 1*5632+~5:! 1*5646+1)3 
1,5499+1;.3 1.55'?C+93 1 * 5 5 1 1 + 0 3  

3 

1 t 6777+C 3 1. 6782+03 1 6798+03 
1 .7245+,3  1*724E+.33 1*7264+93  
1 7335+23 L 7 3 2 W E  1 s 7344+3?3 
1.76*3'; +i 3 1 759 5+ 3 3 1 7 5  17+ 3 3 
1*75(34+6:3 1*75C"3+03 1 -7523+33  

1 * 7 1 5 3 + . 3  1.7158+33 1-7171+'13 
1 7163+-  3 1 o 71 57+33 1 7 174+ 33 
1 7494+:, 3 1 o 75C. C +  .I 3 1 7 5 18 +'? 3 
i.7823+:, 3 1 . 7 a z w 3  i 0 7 8 4 3 + n 3  
1 7 8 7 3 +u 3 1 0 78 7 3+3 3 1 t 7 963c + 3 3 
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E46 a 4 7  

Rh 36  B b j 3 6 - A  

1 6 164 + z C  3 1 6 1 54+ 2 3 
L15861+33 1.5854+,3 

1 ,5657+93 1.5643+:3 
1*579it+C3 1*5773+L3 

1 e 5 5 2 1 + 2 3 1 5 5 U 8 + i 3 

1 7 19 2 t 62 3 1 . 7 1 be+,.  3 

1 a 7 5 3 5+0 3 1 75 1.2i-^,' 3 
1.7854tC3 1,7536+: 3 

1 7 194+0 3 1 7 1  7 2  + I 3 

I .  79ts2+3 3 1 - 7 8 a 7 + i 3  



I 337 KW BOILING D A T A 9  l-IhioL-6Ct5 TUBE W/2-1No H E L I C A L  INSERT 

848 a4 9 85C 851 852 a53 

B\” 2 4  O W  29 3W 29 BW29-A 3h 23 3W 23 

1 1*6176+f3 1-6179+33 1.6173+03 l06176+O3 1,6187+33 1.6172+?3 
2 1*5868+C3 1*5867+t3 1*5876+03 1*5870+03 1*5879+53 1*5864+33 
3 1*5784+?3 1*5?94+~3 1*5793+03 1*5790+03 1*5790+03 1*5786+C3 
4 1*5658+r33 1*5659+;;13 1*5662+0? 1*5660+33 1 0 5 6 6 O + C 3  1*5658+r33 
5 1*5522+C3 1*5523+i;3 1 * 5 5 2 6 + 0 2  1*5524+03 f,5526+C3 1*5526+53 * 

11 ie8334+c3 i0a324+c13 i0836t5+o3 i.8321+03 iea370+~3 i0a278+m 

14 ie8347+03 i.8351+03 ie8346+03 i.8348+03 iea376+m i.a3~7+03 

16 i08426+c3 i0a430+m i.8453+03 ie8436+03 ie8432+03 i.8389+~ 

12 1e8370+03 1e8370+&3 1-8349+33 1*8363+33 1*8408+33 1*8325+63 
13 1*8389+33 1-8394+C3 1.8375+4)3 1*8386+03 1.8423+03 1*8347+03 

15 1*8354+Q3 1*8353+63 1o8346+03 1*8351+03 1,8375+03 1*8310+03 

17 1*8355+53 1*8359+53 1*8388+03 1o8367+03 1-8365+03 1*8331+L3 
18 1*8379+C3 1*839f+it3 1.8414+G3 1e8395+33 1*8390+L73 1*8348+C;3 
19 la8399+C3 1.8405+2~3 1,8429+03 1*8411+s13 lO84O8+23 1*8363+03 
2::i iO7c64+i;3 i07ci67+t.3 io705~+03 ~706~7+03 1.709u+c3 ie7039+e3 

21 1-7186+C3 1*7189+t..3 1.7203+$53 1o7193+03 1*7198+C3 1-71613+03 
22 L07191+C3 1-7192+ir3 1*72’37+;93 lo7197+93 lo7199+33 1*7169+U3 
23 1*7535+C3 1*7542+U3 1*7545+03 1*7541+03 1o7555+03 1e7512+03 
2 4  1*7869+C3 1*7868+83 1-7872+03 1-7870+03 1-7894+93 1*7834+@3 
25 1*7927+C3 1*7923+i3 1*7921;+33 1*7923+93 1e7548+C3 1o7R84+C3 
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8 5 4  8 5 6  a 5 7  8 5 8  859 865 

e w  23 DW 2 3  BW-23b SfT-I t3k 2 3  P, d 2 3 
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8 6 7  86 8 869 8 70 8 7 1  872 

SIT-I SOT- I EGT-I HI 13 E 1  21  0 1  35 

1 1*3516+:3 f s5b17+b3  1.5617+33 1*5624+03  1 * 5 6 9 5 + Q 3  1*5747+G3 
2 1*3719+C3 1*5572+h3 1.5578+$3 1*5569+33  1*5591+C3 1*565*9+03 
3 1 * 3 7 5 6 + ? 3  1*5526+53 1.553G+33 f * S 5 2 3 + 3 3  1*5541+33  11555t?+C3 
4 1.3214+‘:3 1 - 5 4 2 9 t f - 3  1.5434+:23 1*5434+’33 1o5447+.33 1.5452tC3 
5 1*2C48+C3 1.5326+03 1.5336+3:! 1*5334+33  1.5343+33 1.5347+G3 
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333 K'rt BOILING DATA9 1-1N.L-605 TUBE W/2-IN. HfLICAL I N S E R T  

873  874 8 7 5  876 2 1 1  213  

HI 4 9  B I  6 3  8 1  77 B I  91 ea 6 0  
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215 222 2 2 5  228 2 3 3  233 

RH P I T - A  POT-A S I T - A  SOT-A PFMST 

-152- 

1,800 1 + Q 3  
1 7974+ei 3 
1 , 8 0 2 9 + ~ 3  
1 ,8356+23 
1*6746+C3 



~- '35  237 2 3 5  2 4 3  247 249 

PFVWT S F M S T  S F M P T  P F L O  S F L O  G-NA 

6 2*2373+32 1 * 4 1 2 2 + ~ ~ 3  1*44b5+>2  6.5642+315 1,42Q4-;1 1 ,3845+y7  
7 2-2373+(:2 1 * 4 5 C f i + t 3  lo4025+32 6.851'-'+'30 1e6100-Cl  1e3839+C7 
3 2*1885+72 1.5 3+ 4 3 i . 3 5 8 i+ o z 6 8 4 1 1 +FG 1 5 a 1 a-G i 1 3 7 9 8 + 3 7 
9 2-25*79+?2 1.5 18+ t3  1*424S+32 6*7639+.30 106466-21 1 ,3643+&7 

8+:2 1.4881++ 3 1-4837+.32 6*7937+'39 1-6223-'61 1-3703+,7 
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25 1 255 258 275 

G-K 13OP V P K C  RIP 

1 1-4284+“5 301691+.>1 30251C+31 3.6196+01 
2 1.47@1+?5 3,1?9.3+01 3.1922+91 3.4736+01 
3 1*5445+C5 3oC828+Ul 301219+31 303627+21 
4 1*1677+C5 209503+tl 2*9976+01 3*2553+01 
5 7.1830+<:4 2.7963+~.1 2.8679+191 3.0813+31 

10 !?. 1 S W - 4  f5.”2912+Cjl 5.7813+1)1 6.1151+31 
1 7  7.1283+24 3,8218tbl So673C+c)1 4.9438+91 
18 6.2353tC4 3.6427+c1 5.3529+31 4*423R+r31 
19 5.6393+C4 2.5867+;1 5.1903+01 4.3465+31 
2 ! 1. :219+’5 3.5257+:~1 3.4656+.31 4.42138+31 

21 P,.6583+C4 5,3472+01 5.407C+C‘1 5.5740+01 
22 7.9159+<4 So3818+Ll 5.4283+01 5.6402+01 
23 8026R3+r4 5.6697+’~1 506787+-31 6.‘3345+01 
24 7,3397+‘4 5.S547tt.l 5,S734+31 6.3972+’1 
25 7.6926+??4 5.8424+Cl 5.8451+61 6.3195+21 
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1 P . I .  I - E L I C A L  I K S E R T  

271 272 

OPR-G T S A T K I  

4*5C48+C3 1.5869+5;3 
3.446OtCO 1. S773+03 
2.7992+C3 1.5696+33 
3.0495tit3 l.S620+~? 
2-8471tC9 1,5496+01 

5*2253+C3 1,0403+.33 
5*1318+03 1.6809+G3 
2.3257trl; 1.7156+C? 
5. 6S56+f4 1 1.7224+~3 
4.3225+,2 1,7109+?3 

1.0339+Q 1 1 . 728G+L 3 
1 . 3811+rJf 1.6358+23 

8.9509+03 1.6356+03 

1 1 19O+’? 1 1 66 38 +C 3 

1 a 4538+C 1 1.6134+i)3 

2*2678+CC 1o6952+63 
2*5843+CO 1*6985+d3 
3-6484+00 1-7164+1;3 
4 . 4 247+2 3 1.7 32  3+0 3 
4,7703t23 1.729Lt 33 



3 ' ;  KW BOILING D A T 4 9  f - I h o L - S ' 5  TUBE W/Z-INe H E L I C A L  I N S E R T  

275 784 287 2 9 1  733  7 c 5  

2L G P R I  ET-SC QSC QUAL-f? V F  V-B 

11 2,8376+ 9 * & 8 7 3 + ~ 1  214814+32 8o1326+130 609855-21 l-C781+tQ 
1 2  2,8513+ 9*3574+G1 2-8758+92 8o1843+00 8o2453-1;1 fe0844+OC 
1 3  2 , 8 5 4 9 +  91 4 3 1 i : + ~ l  3. :746+ 3 2  7.4639+30 90 7434-2 1 1. 3 3 5 8 +  
1 4  2 , 8 3 5 2 i  9 . 1 7 2 7 + ~ 1  3o2726+02 7*3183+f39 1*0219+SO IoO93?+,C 
1 5  2 . 8 3 3 2 +  9 ,  2 2 5  3+*j  1 3 o 3157+i?Z 7*3785+013 1 .Cl276+C'J 1 1?25+tC 
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7117 7 1 3  7 1 5  7 17 720 7 2 1  

V V E L - R  V C I T - I  V C I T - X  V C I T - A  V C C T -  I V C Q T -  I 

1 1*3766+r32 1*5590+63  1*5577+03 1-5584+.?3 1*5547+03  1*5577+C3 
2 7 -5379+?1  1*5549+03 1*5538+0?  1*5543+03  1.5508+03 1*5546+33  
3 6 - 7 9 2 3 + 2 1  1 * 5 4 9 5 + t 3  1-55132+03 1*5498+93  1*5423+03  1 - 5 4 9 5 + < 3  
4 6*S574+'31 1-54 t r j + L 3  1*54?7+33 1 - 5 4 6 4 + 3 3  1*5324+C3 1*539S+C3 
5 7*4441+31  1 . 5 3 0 9 + ~ 3  1*5331+03  1 * 5 3 3 5 + 3 3  1.5221+03 1 -53139+~3  

11 2.6655+'-2 1 . 6 8 8 4 + , : 3  1.6868+03 1,6876+33 1*6728+C3 1*6843+53 
LZ 2 . 6 8 4 1 + : 2  1*6961+L,3 1-6946+03 1*6954+03  1.6821+23 1*6924+03 
1 3  2*71?5+:2 1.6966+<$3 1*6954+i)3 1*6950+93  1*6830+i;3 1 * 6 9 3 ! 5 + ~ ~ 3  
1 4  2*7?61+C2 1*6872+U3 1-.6873+03 1-6872+03 1.6746+C3 1.685l+G? 
15  2*7289+'22 1*6864+U3 1 -6864+03  1*6864+03  1*6733+03  1 * 6 8 4 & + 0 3  

16 2-4255+'-2 1*6674+\r3 1*6679+33 1 -6676+93  1*6542+C3 1 -6642+03  
1 7  2-1444+C2 1*6170+tr3 1*0181+03  1*6176+03 1*5837+C3 1*5943+C3 
1 8  2,1428+92 1 -5841+03  1,585tj+O3 1*5845+03  1.5330tG3 1.5417+33 

2' 3,2687+?2 1 * 5 7 1 7 + ~ 3  1*5724+33 1.5721+33 1*5584+L"3 1*5683+G3 
1 9  2*1109+?2 1-5657+c?3 1*567G+03 1 * 5 4 6 4 + 0 3  1-5300+G3 1*5105+U3 
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722  724  727 7 3 5  732 7 3 3  

V C B T - I  V C Q T - A  VP VCI OPVC HCCT-I PCOT- I 
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735 737 7 3 5  7 4 1  746  7 4 7  

P C C f - A  t i C A I  1 H C A I T  H C A I T A  HCPCTS l-CAOT- NE 

16  1 . 6 6 f l + C 3  8 * 5 9 9 8 + 0 1  8 . 2 9 1 8 + 3 1  8 .4458+31  1 * 4 1 8 7 + 9 3  1 * 4 2 0 9 + S 3  
1 7  1 0 5 5 3 2 + C 3  8,5932+1;1 8 .2412+31  8 .41?2+31  1 * 3 5 2 8 + 0 3  1.3541+\;3 
l a  i . 4 7 5 5 + 0 3  8 .48 i t l+u i  8 .1731;+;~1 8.1327ii+oi i .2~;91+1;3 i o 3 w a + ~ 3  
19 1 * 4 3 4 3 + $ 3  8*4370+1a1 8*129&+1.21 8 0 2 8 3 9 + 9 1  1 * 2 6 2 7 + C 3  1 * 2 6 4 9 + L 3  
2 ”  1.5671+C3 8 .4788+01 8 .1268+31  8,3s=‘28+31 1-35?30+93 1.3513+t .3  

2 1  1*6835+‘3 3 * 4 ? 2 6 + 9 2  2 .5837+82  3.0932+02 1.1571+C3 1 * 1 4 9 5 + C 3  
2 2  I . O l 5 ’ 2 + ” 3  3 * 4 9 9 2 + ~ 2  2 e h 5 7 C + 3 2  30-:781+32 f o 1 4 7 2 t C 3  1 * 1 4 b 1 + 2 3  
2 3 1 4 S‘J 2 + C 3 
2 4  1.7;,’93+f?’13 1 .2?56++~2  1.1772+;2 1 * 2 3 1 4 +  12 1 - 5 1 4 7 + 3 3  1 * 5 1 3 8 + ~ 3  

1 6 9 b 8 + :: 3 1 3 1.9 1 + i 2 1 2 3 9 I + 3 2 1 2 6 4 1 + 3 2 1 4 0 4  2 + ” 3 

2 5  1.7:3?+:3 1 , 2 ^ 2 3 + > 2  1.1583+G2 1 , 1 8 u 3 + 3 2  1,515G+153 1.5141+:3 
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jrl' K W  BOILING D A T A ,  l-Ih'*L-6'55 T U B E  W/2-INe HELICAL I N S E R T  

748 749 7 5 1  755 756 757 

I + C A O T X  HCAOTH H C A O T A  HCCAOT HCCAOT HCCAOT 

2 1  1 .1415+?3 l . l 1 1 9 + 5 3  1,14Oi+O3 1,1253+'32 101C33+?Z 1 6 1 7 8 1 + i 2  
2 2  l o1313+23  1* :986+t3  1-1293+133 1n137?+32 l o l 1 5 0 + C 2  la lR54+t i2  
2 3  1o4519+:3 1 , 4 3 8 7 + ~  3 1 * 4 5 3 7 + J 3  1*1431+32 1 e 1 2 1 1 + : 2 2  1o1475++32 

1 * 4 9 9 3 + ~  3 1,539b+L\3 l o  1552+02 1e1464+G2 1- l552+ ,2 
2 5  1 5*;79+C 3 1.5"27+~t3  1 5035+3? I D  f451+02 Ie1407+C2 1 1495+52 
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75s 7 6 6  77r. 777 779 

b C C A O A  lrJ4 Q A  DTLMHC UCHC 

1 8*9049+91 4.0818-92 1*2819+01  6.5653+02 9*7986+JO 
2 i , c a 3 3 + ~ 2  0. 9 .  8.2189+32 13, 
7 1*;771+C2 '3. -? 7.4347+02 -3. 
4 1.1,:32+37 3. - 3 .  8 . 1 2 ~ 1 + 3 2  -3. 
5 1.1337+52 0.  -0 8.2679+02 -9- 

.!, 1 . . 3 5 4 8 + ? 2  6 - 2 4 1 3 - d 2  2.:754+31 6.3445+32 1.6416+Cl 
7 r7.7629+1"1 6.7322-%~2 2.3249+91 6 -5526+32  1.?866+',1 
8 lo';131+?2 7 . 7 4 3 1 - ~ 3  -1o46'27+Oi 9 * ~ 2 3 3 + 9 2  - 8 -  1236-?1 
3 1.3658+:2 4.C149-02 1.3592+31 7.2868tqZ 9.3609+.32 

1 1.1364+'32 501283-L2 1.7551+51 6.9384+32 1*2094+31  

11 9*4!593+f31 1.9194-Cl 6 .5927+01 701448 t32  406?07+21  
12 9*4,62+L"1 1 . 9 4 5 8 - ~ 1  407439+01 7.2646+02 406587+tL 
1 3  8.424.r?+Cl 1.9439-61 6 0 ? 4 7 9 + ~ 1  7.266P+32 406656+J1  
14  C\.3197+:1 1.3454-1x1 6.7288+tI1 7024C2+02 406570+*,1 
1 5  f?.2723+C1 1.S443-Lil 6 .704ei i r l  7.2395 +Q2 4.6481+21 

l h  8 * 2 3 3 1 + ? 1  1.95'32-01 6,6438+51 7.1421+92 4 * 6 6 8 3 + f l  
17 8.2412+:1 1.9501-31 6.2934+31 6.4963+32 4.8594+01 
18 8.1437+ 1 1.9519-Ul 606172+01 600804+n2 409662+Sl  
1 3  8 . i i 4 3 + c i  1 . 9 5 2 4 - ~ i  5 . a 3 1 3 + 2 1  5 . 9 3 m + e 2  4.9342+?:1 
2 5  R.;975+21 1.29'39-Ll 4 .1572+31 6.6090+92 3.1567+,:1 

2 1  l . f ? 5 6 + ? 2  3. (3. 8.9862+92 2 .  
9.5454+?2 9. 2 2  1.1458+?2 0 .  "4 

2 3  1.1373+!:2 4*4406-U2 1.5127+31 7*1':162+!32 1.1?683+31 
24 1.1523+:2 8.3258-j22 2*9757+01 6*6945+02  2023r??+;l 
2 5  l . l451+C2 1.C489-V1 307571+31  6o61:49+92 2.8546+':1 

A 
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8 
8 
I 
I 
8 
I 
1 
I 
8 
8 
I 
I 
I: 
I 

I 
8 
t 
I 

I 
I 

TABLE A-2 
300 K W  BCILING DATA9 1-INeL-605 T U B E  W/2-XNo HELICAL I N S E R T  

202 20 3 86C 861 862 863 

C d T E  T I M E  PIT-I POT- I FIT-I PIT-I 
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I 864 aou 8C 1 802 804 805 

FCT- I @ W  91 6W 91 BW 91 3Lt 91 BW91-A 

26 1*6154+C3 1*6278+03 lo6299+03 1*6242+03 1o6291+03 1.6277+03 
27 106285+C3 1*6380+03 1*6394+03 1*6338+03 1e6372+C3 lo6371+03 
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300 KW BOILING DATA9 1-1N.L-605 TUBE W/2-IN- HELICAL I N S E R T  I 
8 
1 
I 
1 
I 
8 
I 
8 
8 
8 
I 
8 
I 

1 
I 
8 
I 

I 
.I 

807 808 810 8C6 a09 

Bk 84 @ H  84 e w  84 BW 84 BbJ84-A aH 77 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12  
23 
14 
15 

16 
17 
18 
19 
20 

2 1  
2 2  
23 
24 
25 

26 
23 

1e6027+03 
1 62 37+03 
la5528403 
106768403 
1*6927+03 

1-6027+03 
106240+C3 
1o6530+03 
106774+O3 
1 o 6934+O 3 

1 * 5981+03 
fe6202+03 
1*5492+03 
1*6739+03 
1 * 691 2+O3 

1*7074+03 
l e  7228+O3 
1o7383+O3 
~ 7 3 a 7 + 0 3  
1*7478+03 

1 7C87+G 3 
107242903 
1*7393+03 
l o  7404a0 3 
10 7494+0 3 

fO7693+O3 
1 f306a+03 
1e5985+O3 
f 6016+03 
1 61 55+03 

1 o 7?06+O3 
1 601 9+03 
1- 5938+63 
1*5976+03 
1 o 61@6+03 

106063+03 
1,6360903 
1 *65Og+O3 
1o6784+03 
1 68 17903 

lO6070+03 
1 a 6 362903 
1-6499+03 

1*6799+03 
1*6757+03 

f06648+C3 
1 o 6 5 1  1+G3 
106675+C3 
106412+C3 
lo6389+C3 

1 -6628+O3 
1-6494+03 
1-0653+03 
106397903 
1o6366+03 

1.6622+03 
1 6493+@3 
Io666I+O3 
1 6401+O3 
1-6368+03 

1*6635+03 
1o6501+03 
1 e 6667+O3 
10641)7+O3 
106378+03 

1 o 6326+O3 
fa6396+03 
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I 3Q3 K W  BCILING DATA,  1-1h.L-605 TUBE W/2-INo HELICAL I N S E R T  

812 813 814 815 e16 817 

ew 77  EM 77 EW 77 RW77-A 863 70 3W 7 0  

26 1*6379+C3 1.6332+03 1.6358+03 1.6360+03 1=6389+G3 1.6406+03 
27 1.6412tC3 106341+03 1=639t+03 1.6387+03 1.6376+03 1*6425+03 

-164- 



300 KW E C I L I N G  D A T A ?  1-1tr.L-605 T U B E  H / 2 - I N o  H E L I C A L  I N S E R T  

818 819 943 820 821 822 

E k  7c EW 70 ew 70 BW70-A 3W 63 BW 63 

1 Po5976+C3 1-6013+03 1e6007+03 1*5990+03 1o5986+03 1059799133 
2 1o6197+C3 1*6236+03 1*6228+03 1*6211+03 1o6210+03 106207+03 
3 1*6497+03 L-0533+03 1e6519+03 la65C6+03 1o6510+03 1*65G5+G3 
4 106743+C3 1-6787+@3 1-6?65+133 1-6757+03 1-6754*03 10677O+O3 
5 Io6926+C3 1*6968+03 1,0942903 1o6933+03 1*6947+G3 lo6946+03 

6 107C72+03 Po7112+03 1o7089+03 1-7083+153 1*7094+1)3 lo7104+03 
7 1*7240+133 1*7284+1)3 1o7253+03 1*7251+03 1*7262+03 1,7270+03 
8 lo73899C3 1-7451+03 107411+03 fo7411+03 1o7422+C3 lv7438+03 
9 1o7399+C3 107458+O3 1o7424+O? 1-7425+03 1-7417+03 1s7458+G3 

10 1*7515+03 1.7546+03 1,7517+03 1o7519+03 1-7540+03 1o7553+03 

11 107745+O3 1*7783+03 1o?748+O3 1*7752+03 1s7770+E3 lo7797+03 
12 106019+O3 1*5060+03 106O52+O3 1*6036+03 1e6041+03 1,6024+143 
13 105932+C3 1o5979+03 1-5970+03 1,5954+03 1o5952+03 Im5943+03 
14 1o5969+C3 l-OOP4+03 lmEOOJ+O3 1.5991+03 1o5997+@3 1*597?+03 
15 lo6106+C3 106147603 1*6138+03 1*6122+03 lo6118+63 1e6111+03 

16  106039aC3 lo6081+03 1,6060+03 1*6052+03 1*6044+03 1*6052+03 
17 1o635O+C3 1o6393+03 1e6373+03 1o6363+03 1o6365+03 la6377+03 
18 lm6509+C3 1o6551+03 1o6533+O? 1,6525+03 1o6528+C3 Ie6548+83 
19 100784+C3 1-6828+03 106811+03 lO680l*03 106813+03 1*6802+03 
20 1e0828+C3 106892+03 106868+03 106857403 106862903 1v6861+03 

2 1  lo6643+C3 106681+03 10666?+03 1,6b53+03 le5664+O3 1,6674903 
22 1,6489+03 ls6545+03 1,15513+03 1.6507903 106505+03 1,6526+03 
23 lm6641tC3 1e6695+03 1*6671+03 1.6662903 1o6667+03 106660+03 
24 106374+C3 1o6438+03 1*6411+03 1*6402+03 1*6395*03 1e6409+03 
2 5  1o6363+C3 fo64OO+O3 106384+03 1-6375+03 1-6378+(33 le6392+53 
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300 K W  ECILING D A T A ,  l-IfS*L-605 TUBE W/2-IN* HEtICAL INSERT 

823 952 960 824 825 826 

E b  63 8M 63 ew 63 BW63-A aki 5 8  BW 58 

11 1*78Q3+C3 1-7736+03 1*7795+03 1-7780+03 1o7798+O3 1*7766+03 
1 2  1*6C6L+C3 1*6063+93 1*6056+0? 1*6049+03 1*6027+(33 1*6019+03 
13  1*5S80+C3 1*5981+03 1*5972+03 1*5965+03 105947tC3 105936tC3 
14 1*0C16+C3 1*6016+03 1o6OO7+O? 1*6002+@3 Io5982+O3 1*5971+03 
15 1*6150+C3 1*6145+03 1*6137+03 1*6132+03 1*6112+03 1*6101+03 

16  1*6C76+C3 1*6461+03 1*6069+03 lo6060+03 lobC;35+C3 1*6027+C3 
17 1*6399+C3 1*6372+Q3 10639U+O? 1*6381+03 1*6368+03 1-6347+03 
18 2*6561+C3 1*6528+03 1*656C+03 1*6545+93 1*0535+C3 1*6524+03 
19 1*6837+C3 1*6818+03 1 o 6 8 2 7 + O 5  1*6819+03 1o6814+C3 1-6798+03 
20 1*6901+C3 1*6875+03 1e6886+03 1*6877+03 1.6872+C3 1*6861+03 

2 1  1.6693tC3 1.6664+03 100689+03 1.6677+03 1*6673+03 1.6657+03 
22  1*6536+C3 1*6516+03 1*654-3+0? 1.6525+03 1o6511+C3 1*6501+03 
23 lm6685+C3 1*6662+03 1*6686+03 1*6672+03 1o6063+C3 1-6643+C3 
24 1*6429+C3 1*6413+03 1*6433+0? 1*6416+03 1.6403+03 1.6387+03 
25 1*64108+C3 1*6386+83 1*6407+07 1.6394+03 Le6376+1?3 1*6367+C.3 

26 1*0458+C3 1*6460+03 Io6451+03 1.6441+03 1*6465+C3 1*6499+C3 
27 1*6447+C3 1*6417+03 1*6446+03 1.6430+03 1*6425+83 1*6404+03 
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30.3 K W  BCILING DATA9 1-fNeC-6C5 TUBE W/Z-INo HELICAL INSERT 

a27 828 829 830 831 832 

~h 5 8  ew 58 R W  58 8 W  58 BW58-A BW 50 

16 loOC51+03 1-6060+03 1*6051+03 1-6085+03 lo6052+C3 1o6055+03 
17 1e0385+C3 lo6395+03 1*6384+03 1-6415+03 1*6382+03 lo6390+C3 
18 106563+C3 106577+Q3 1o6548+@3 1,6581903 106555+O3 106572903 
19 106809+C3 1*6823+03 loO800+03 106849403 Lm6815+03 1o6821*03 
20 10687f+C3 1o6877+O3 1o6862+03 1o6911+03 Io6876+03 1o6881+03 

21 1n0695+03 1*6709+03 Io6694+O3 1.6727903 106692+03 1*6713+(33 
22 1*6546+C3 1.6559+03 106539403 1*6566+03 1o6537+03 le6555403 
23 106676+C3 1o6688+03 186672+03 1-6708+03 lo6675+03 lo6680+03 
24 206422+03 1-6438903 1*6415+&)3 1*6444+03 1o6418+03 lo6427SC3 
25 1~0403+C3 1e6413+03 1,6398903 1o6420+03 1-6396+03 lo64139C3 
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300 Kk BCILING D A T A ,  1-Ih-L-605 T U B E  W / 2 - I N o  H E L I C A L  I N S E R T  

e33 834 835 836 837 838 

€!k 50 @ W  50 ew 50 BW 50 BWSO-A BW 43  

-168- 
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309 KW B C I L I N G  DAT.49 1-1h.t-605 T U B E  W/Z- INo  HELICAL I N S E R T  

a 39 a40 841 8 42 843 844 

e k  43 ew 43 EM 43 BW43-A 8W 36 BW 36 

6 1*7162+03 1-7167+03 1 o 7 1 8 0 + 0 3  1o7164+03 1o7201+03 Ia7216*C3 
7 1o?33L+C3 107345+03 1a7363+03 1*7342+03 1.7389+03 1*7415+03 
8 1*7507+03 1.7511903 1*7547+03 1o7513+03 1o7562+03 1-7589+03 
9 l0752O+c3 lo7531+O3 1,7559+03 107525+03 lO7585+C3 107607+03 
10 lo7619tC3 1.7633+03 Lo7662+O3 1*7628+03 1o768Z+C3 107703+G3 

11 1o7871+C3 1,7896+03 107911+03 1-7883+03 1o794(3+O3 1o?957+03 
12 106068tC3 106r)65+03 1e0052+03 1*6055+03 1o6055+03 1o6062+03 
13 lo59899C3 1*5980+03 1*5969+03 1-5973+03 1,5976903 lo5976+03 
14 la6019+C3 1*6015+03 1e6004+03 1-6008+03 1o6016+03 1o6009+03 
15 1o6148+C3 106142+O3 106134+O3 1-6137+03 1,6142+03 1o6137+03 

16 1o6O85+C3 fo6O78+03 1*6076+03 1,6074+03 le6689+C3 106094+03 
17 106423+O3 1*6420+03 10&43O+O3 1.6419+03 1o6451+03 1o6454+O3 
18 1o6609+O3 1*6605+03 1o6612+O? 1o6602+03 1o6633+03 1*6637+03 
19 l06838+C3 106840+03 le68l6+03 1.6828+03 la0824+C3 1-6818+03 
20 1,6894903 1,6898+63 1.0873+03 106885+03 lo6881+C3 lO6874+O3 

21 106743+C3 106747+03 106753+03 lo6740+U3 Lo6778+03 fo6778+03 
22 Io6591+G3 1o6589+03 1,6605+03 1*6586+03 le6623+C3 1*6636+03 
23 1o6708+O3 Io6705+O3 lo671?+O3 1*6704+03 1c6727+03 1*6733+03 
24 1o6458+03 166456903 1o6467+O? 106456+03 1-6486+03 1o6491+03 
25 1*6449+C3 1*6443+03 1o6453+O? 1-6441+03 1a.b475+03 1o6493+03 

26 1o6598+C3 106612+03 1,6617+03 106588903 1o66OO+C3 1o6699+03 
27 106498+C3 1.6499t03 lo6512+03 1.6496903 l06545+03 l06561+03 
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E45 840 97c  047 e48 849 

e h  36 E!W 36 @ W  36 BW36-A Bbi 25 BtJ 2 9  
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3C!9 KLI BCILING DATA9 1-1N.L-6135 TUBE W/2-IN0 HELICAL I N S E R T  

8 50 851 852 853 855 856 

@\.3 29 BW29-A @ W  23 BW 23 Bk 23 B W  23 

26 106713+03 1*6740+03 1o6806+03 1-6732+03 1067479133 1o68C6+03 
27 1*6607+03 106612+O3 1*6651+03 1-6605+03 1o661O+C3 1,6651403 

-171- 



300 KW B C L L I N G  DATA, l-IN*L-605 TUBE k/2-IN. H E L I C A L  INSERT 

857 85 8 859 866 867 868 

0H 23 BM- 2 3 A  S I T - I  S I T - I  SQT- I  Pk 23 

21 1-6824+C3 1.6845+03 1*6831+03 1*1692+03 1o1685+Q3 1*4807+03 
22 1o6678+C3 1*6713+03 1*6689+03 1-2006+03 1*1999+03 1-5072+03 
23 106777+Q3 1*6809+03 1*6787+03 1*2486+03 1*2476+03 1-5851+03 
24 1-6535+03 1.6575+03 1.0550+03 1*2275+03 lo2270+03 1.5476+03 
25 1*6533+C3 1*6566+03 1*6549+03 1-2396+03 1-2387+83 1.5412+03 

26 1*673?+C3 1*6813+03 1*6773+03 1*2175+03 1*2170+03 1-5130+03 
27 1.6612+03 1*6651+03 lo663C+O3 1.2263+03 1.2254+03 1,5411+03 

-172- 

I 
i 
1 
1 
1 
1 
3 
1 
1 

1 
d 
1 
1 
1 
1 
1 
1 
I 

a 



300 K W  BOILING D A T A 9  1-1N.L-605 TUBE W/2-INo HELICAL INSERT 

869 a70 871 872 873 874 

S C T - I  E1 13 e 1  21 BI 35 B I  49 81 63 

1 105576+C3 Io558O+O3 1o562C+O3 1.5655+03 1o5686+O3 Io5695+G3 
2 1o5506+C3 1s5512+03 lo5617+01 1-5714+03 1.5762+03 1o5779+03 
3 105509+C3 1,5565+03 1,56851.03 1,5848+03 1,5930+03 1,5958903 
4 1oS468+C3 1-5483+03 1,5737+02 1*5967+03 l*6€71+C3 lo61fO+C13 
5 IoS352+O3 1a5370+03 105716+03 1,5981903 106O88+O3 106159+03 

6 '1o5367+C3 1-5369+03 1*5176+03 1o6U97+O3 1*6233+C3 1*6295+03 
7 fo5339+C3 1o5329+O3 1*5792+03 Lo6153+03 1o6313+03 1*6386+C3 
8 1*5413+03 1o5398+O3 1-5859+03 Lo6230+03 1*6403+03 lo6489+03 
9 105334+03 i m i 8 + 0 3  i05a4s+03 ieti234+03 io64ii+03 io6489+03 
10 1o5283+C3 fo5276+03 Io584&+O3 le6254+03 1o6445+03 lo6526+03 

16 P05349+C3 105356+03 1o5439+03 1-5522+03 1*5570+C3 lo5592.kC3 
17 la5287+03 1=5275+03 Lo5446+O3 1e5621+03 1o5722+C3 fo5761+63 
18 lo51209G3 1o5092+03 1o5315+03 1*5533+03 105666+O3 1,5744903 
19 l05058+63 ls0(?18+O3 1,5977+03 1a5099+03 1,523OtC3 1-5366+03 
20 105014+c3 1.4637+03 104870+03 105010+C3 le525O+C3 lO5447+O3 

26 lo5137+C3 1*5127+03 1,5363+03 1,5512+03 1o5587+C3 105626903 
27 105414+C3 1*5387+153 1,5557+03 1-5706+03 1*5789+03 1*5811+03 
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300 K W  B C I L I N G  D A T A 9  1-IM*L-605 TUBE W/Z-IN. HELICAL I N S E R T  

875 876 211 213 215 217 

E I  77 e 1  91 B B  BB 80 8H 

6 1*6295+r53 1*6327+:33 1.3577+03 1*3682+C3 1.3585+03 1*3391+03 
7 1.6386+C3 1*6418+03 1.3521+03 1.3626+@3 1*3530+03 1*3341+03 
8 1.6489tC3 1,6516+03 1.3485+03 1*3600+03 1=3494+C3 1*3367+C3 
9 1*6493+C3 1o6519+03 1.3616+03 1,3721+03 1.3620+(33 1.3379+03 
10 1*6534+233 1*6561+03 1*?517+Q3 1*3631+03 1.3521+03 1-3319+03 

16 1*557Q+C3 1,5623+03 1*2165+02 1*2291+03 1*2173+C3 1*3360+03 
17 1*5752+63 1*5774+03 1.1924+03 1*2067+03 1,1924+C3 1.3221+03 
18 1*5749+C3 1o5775+83 1.1938+03 1-2092+03 1*1533+63 1-3162+63 
19 1*5440+03 1*5501+03 1.1861+03 1,2049+03 101861+03 1,3072+C3 
20 105561tO3 1.5614+03 1*182C+O3 1*2009+03 1*1816+C3 1.2987+03 
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309 K W  BOILING DATA9 1-INoL-605 T U B E  W/2-INo H E t I C A L  I N S E R T  

222 225 228 230 233 235 

FIT-A PCT-A S I T-A SOT-A PFMST PFHMT 

6 107376+03 1*6924+03 1o?554+03 1-5364+03 lo6880+03 202204002 
7 i07584+03 107079t03 in349i+o? i-5339+03 i ~ a z 4 + 0 3  2021~7+02 
8 1-7759+03 1-7227+03 103461+03 1*5412+03 1,7170+03 2,2358+132 
9 1o7779+C3 1o7243+03 lo3585+03 1o5333+03 1*7188+C3 2,2441902 
10 107876+O3 1o7318+03 1e3479+03 1-5281+03 107263+03 202547+02 

21 1*6896+Q3 1o6497+03 1a1689+03 1*4810+03 Lo4455+03 202102+02 
22 1o6771+03 1*6386+03 102003+03 1o5O75+O3 1-6347+03 2,1988+02 
23 106857+03 106568+03 l02481+03 lP5853+03 106528+C3 2,1310+02 
24 1o6634+03 106302+O3 102272902 1o5477+03 1o6259+03 2,0932+02 
25 106639+C3 1a6266+03 1*2392+03 1*5415+03 1o6227+C3 2*0967+C2 

-175- 



I 237 239 243 247 249 251 

I G-NA G-K SFHST SFlvrPT P F L C  S f  LO 

6 1 . 3 5 5 8 + C 3  1.3812+02 6*$355+0C 1.5644-01 1*3989+C7 1*3940+C5 
7 1*3494+1=3 1.3715+02 608@86+0C 1,6039-01. 1.3733+07 l04292+C5 
8 1.3467tC3 1*4142+02 6*733C+OC 1.5422-01 1-3581+07 1-3742+05 
9 1*3590+C3 1.4357+@2 6.8827+0C 1.6071-01 1.3882+07 1.4321+05 
10 1*3484+C3 1*4419+02 6*8241+0C 1.5635-01 lo3764+C7 1*3932+05 

11 1o335O+C3 1.4476+02 6.7462+0[3 1.4784-01 1-3607+137 1*3174+05 
12 1.3709+C3 1.5184+02 6.S376+0C 1,4871-01 lO3993+O7 1.3252+05 
13 1*3274+C3 1*5242+02 608969+0C 1,2315-01 1.3911tC7 1.0973+05 
14 1o27?2+C3 1*5171+02 6.S436+OC 1.0188-01 lo4C05+G7 9.0785+04 
15 1*2562+C3 1*5277+02 6.9165+0f 8-9403-02 1-3950+07 7*9666+04 

16 1*2152+C3 105O00+02 6oS906+0C 808904-02 1.4100+C7 709222+04 
17 1*1908+C3 1*4806+02 6*973C+OC 804588-02 1e4C65+C7 7.5376+04 
18 1e1905+C3 1*4502+02 OoCj65I+OC 8.0535-02 1.4C49+07 7.1764+04 
19 1*1819+C3 1.4?97+02 6oF264+OC 608378-02 1*3971+07 6.0931+04 
20 le1749tC3 1*4335+02 6.5238+0C 6.8317-C2 lo3965+C7 600876+04 

26 Io2175+C3 1*3979+02 2e6606+0C 806830-02 5,3664+C6 7*7373+C4 
27 1*2263+C3 1.3636+02 4*8041+0C 8,6902-02 9,6899+06 7.7438+C4 

-176- 



30C K W  B O I L I N G  DATA9 l-I&,L-6C5 T U 8 E  W/2-IM- HELICAL INSERT 

255 258 27C 271 272 279 

BOP V P K C  B I P  OPB-G T S A T K I  Q L  

6 209996+Cl 209112+01 4,4466+01 1o4470+01 106371+C3 204608+00 
7 2,'3657+Cl 2,8785+91 40702i+01 107365+01 lO6513+C3 2,5254+00 
8 30129O+CI 2-9723+01 4*e158+01 1-6868+01 1=6572+E3 205832+0(3 
9 3oO3O4+1?1 2,8711+01 4o8414+01 1-8109+01 1-6586+03 2*5898+00 
10 3oC243+01 2a8C29+O1 4,94C8+01 1*9165+01 1o6638+03 206210+00 

16 2,824O+Cl 2,8901+01 3*4061+01 5,8208+00 105727+G3 2s1U77+00 
17 2,7685+Cl 208082+01 300362+01 806767+00 l05880+c3 2,2143+00 
18 2*5559+Cl 2oOO52+O1 3*0474+01 1oO915+O1 1o5887iC3 Zo2619+OO 
19 109562+C1 2053134-01 3o1245+01 1,1683+01 1o5527+03 2,3102+00 
20 1o891O+O1 2-4787+01 3*3654+01 1.4743+01 1-5698+03 2,3275+00 

21 2*3608+C1 202599+01 305828+01 1,2220+01 105845+63 2*3062+00 
22 2e5528+C1 205556+01 3o785O+O1 102321+01 105978+03 2o2669+00 
23 3,66?1l+Cl 305944+U1 4,1864t01 5.8526+00 1*6223+C3 2,3079+00 
24 3*0397+Cl 3,0566+01 3,7485+01 7,0884+00 Io5954+C3 Zo2291+OO 
25 2e9503+C1 2,9765+01 3,0924+01 7-4208+00 1o5917+C3 202253+C!3 
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300 K W  @CfLING DATA, 1-Ihot-605 TUBE W/Z-INo HELICAL INSERT 

284 287 29 1 703 70 5 707 

C P R I  D T - S t  QSC Q U A L - 8  VFV-E VVEL-0 

6 C;o4823+C1 2e8168+1?2 8.9275+0C 7.0359-01 1*9277+CO 4*7716+G2 
7 1.0444+02 3.0227+02 9*8326+0C 7,5781-01 2.1491+00 5*3196+02 
8 lmC9O?+C2 3.1114+02 9.7356+00 8.2597-01 2.1921+00 5.4260+C2 
9 lo1260+C2 3.0005+02 9o8007+0C 8-2120-01 2*3386+(30 5m7885+02 
10 1*1625+C2 3*1588+02 1oOO3C+O1 8,7165-01 2*4642+00 6*0996+02 

1 1  1.2339+02 3.3818+02 l.C148+01 9,8082-01 2.6810+00 6.6361+02 
12 2.8821+01 2.1444+02 6.4313+QC 1.9354-01 4.6173-G1 1.1429+02 

14 3*0288+Cl 3.C464+02 6.186S+OC 2.9838-01 4,8665-Cl 1.2046+02 
13 3oC884+01 2o494O+02 6o1540+OC 2.5495-01 5.1655-01 1*2786+02 

15 2*9570+C1 3.3981+02 6oC505+0C 3,3290-01 4o4273-Cl 1.0959+02 

16 4e4233+C1 3*5777+02 6o2841+OC 5.3637-01 804029-Cl 2*0799+02 
17 &.7979+Cl 3.9759+02 6.6424+OC 9,0853-01 1o3874+00 3.4341+02 
18 7 e C 3 0 4 + C 1  3*9850+02 6*3391+0C 1*0854+00 lo687S+CC 401773+02 
19 6*6C12+Cl 3.7103+02 4.9835+0(3 1.1053+00 1*4977+00 307071+02 
20 b a 8 8 1 1 + C L  3*9507+02 5a?103+0C 1*1548+00 1m5933+00 3.9438+02 

21 9.290l+Cl 4.1565+02 7,5620+OC 1.0194+00 2.0626+CC 5.1054+02 
22 8,OlQ6+Cl 3.9748+02 80C853+0C 8,8173-01 1,7803+00 404066+G2 
23 5.9365+01 3.7417+02 6.6592+0C 7.4866-01 9,6527-01 2.3893+02 
24 6.1542+01 3,6812+02 6.6426+0C 7,5954-01 1.1608+130 2.8733+02 
25 60 1622+C1 3*5250+02 60377E+OC 7,6247-01 1.1¶38+CO 2,9549+02 

26 5*7138+C1 3oO466+C12 5m1954+0C 7.3649-01 1.2263+00 3*0353+C2 
27 60326O+C1 3.6711+02 6*3273+0C 8.2294-01 1o2303+00 3-0454+02 
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300 K W  E C I L I N G  DATA, 1-1N0L-605 T U B E  W / Z - I N *  HELICAL I N S E R T  

713 715 717 721 722 724 

V C I T - I  VCIT-I UC I T-A V C O T - I  VCCT-I VCUT-A 

6 1*5307+C3 1*5302+03 l*5305+03 1*5193+03 1052OO+C3 'fo5197+C3 
7 1*5282+C3 1*5274+03 1*5278+01? 1*5144+03 1o5157+03 1*5151+03 
8 1*5358+C3 1*5356+03 1*5357+03 1*5223+03 1-5225+03 1*5224+03 
9 105269+O3 1-5266+03 1*5268+03 1*5119+03 1e5128+O3 1*5124+03 
10 105213+C3 1-5207+03 1o52IO+O3 1*5054+03 1o5052+03 1-5058+03 

11 1,51.52+03 1*5152+03 1*5152+03 1*4990+03 1*4990+03 1*4990+03 
1 2  1o5554+O3 1-5557+03 1*5556+03 1*5552+03 1*5547+03 1o5550+03 
13  1o5492+C3 1*5485+03 1o5488+O3 1*5485+03 105493*C3 fo5489*03 
14 105557+G3 1*5549+03 1*5553+03 1*9753+03 1o9753+53 1*9753+03 
15  fo5740+03 1*5737+03 1*5738+03 1*5738+03 1o5745+03 1*5742+03 

16 1053Qg+C3 1*5312+03 1.5311+03 1*5301+03 1*5294+03 lo5297+03 
17 1o5246+03 1*5249+03 1*5248+0I! 1*5210+03 1*5208+03 1*5209+C3 
18 le5C65+C3 Lo5')69+03 1*5067+03 1*5010+03 1e5000+03 1*5005+03 
19 1o4635+C3 1*4640+03 1*4638+03 1-4391+03 lo4404+03 1*4397+03 
20 1o4498+C3 1*4501+03 1*4499+03 1*4245+03 1o4255+03 1*4250+03 

2 1  1o4778+(33 1*4772+03 1-4775+03 1*4682+03 1e4682+03 1*4682+03 
2 2  105033+C3 1*5031+03 1oSO32+O?, 1*4957+03 1*4955+03 1*4956+03 
23 fo5823+C3 1.5810+03 105819+03 1*5798+03 1o5792+O3 1*5795+03 
24 105446+O3 1*5443+Q3 1*5444+03 1*5412+03 1e5405+03 1*5409+03 
25 1*5374+03 1.5373+03 1-5374+03 1*5342+03 1.5342+03 105342933 

26  1-=5092+C3 1*5088+03 1*509C+O3 1*5052+03 1*5054*C3 le5053+03 
27 1e5374+C3 1*5374+03 1*5374+03 1*5340+03 1*5330+03 1*5335+(33 
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3Or3 K W  B C I L I N G  DATA,  I-IhoL-6G5 TUBE W/Z-IN- HELICAL INSERT 

727 730 732 733 735 737 * 

\IF V C I  EPVC t-COT-I HCOT- I HCOT-A H C A  I T 

1 3-1349+CL 3,4576-02 1.5516+03 1,5518+03 1-5517+03 1*3068+G2 
2 3eC422+01 213188-01 1*5423+03 1,5422+03 1*5422+C3 1-0437+02 
3 3,0327+01 5,3753-01 1*5366+03 1*5378+03 1*5372+C3 1o0855+02 
4 %m9905+CI1 9,2751-01 1*5311+03 1.5301+03 1*5306+C3 1,0870+02 
5 2,8245+Cl 1*2153+(40 1.5126+03 1,5136+03 1-5131+03 901476+01 

~ 16 2,8416+(?1 1-7071-01 1-’3753+03 105291+03 1-7522+03 101801+02 
17 %07607+01 405998-01 1-5218+03 1,5183+03 l05201+C3 1.0355+02 

I 18 2*5462+01 703941-01 1,4983+03 1.4978+03 1*4981+C3 9o4930+01 
19 2oC843+01 2*2916+00 1*3627+03 1-3682+03 103654+C3 9*1828+@1 
20 1*9469+Cl 2*2424+00 1*3592+03 1,3602+03 1*3597+C3 9*1190+01 

i 

21 2o2223+C1 9,4492-01 1*4664+02 1o4645+O3 1-4655+03 9*0420+01 
22 2.5C43+01 8.5404-01 1*494C+03 1,4924+03 1*4932+03 8m9276+01 
23 ?o5438+O1 3,7062-01 le578C+Of 1*5779+03 1*5780+03 9o4314+01 
24 3,0148+01 4.6376-01 1o5399+03 1,5391+03 1*5395+03 9-0552+01 
25 2e9231+C1 4,1106-01 1.5322+03 1.5320+03 105321+C3 9o3962+OI 

26 2.5734+Cl 4,3774-01 1.5026+03 l15021+O3 lo5023+O3 1,0670+02 
27 2*3241+01 500605-01 1*5319+0? 1o53218+O3 1*5320+C3 9e7526+O1 
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308 KIJ BEILING DATA9 1-1N.t-605 f U 0 E  W/2-IN, HELICAL I N S E R T  1 
7 39 741 746 747 748 749 

I - C A I T  W C A I T A  HCAOTS H C A OT- NE HCAOTN HCAOTH 

2*1970+03 
1- 1832+03 
1.1741+C3 
lo1486+C3 
1. i277+03 

1 0944+ff 3 
1*3260+03 
1*3177+03 
1.3185+03 
102948+(93 

l02142+03 
1 o 1767+03 
1*1662+O3 
1*1419+03 
1m1197+O3 

le0871+03 
1 * 31 64+O3 
1*3@76+03 
1*3071+03 
1o2818+03 

1 16 10141)5+C2 101603+02 103624+02 1*3607+03 103561+03 103498+C3 
17 1oC1147+02 lo0201+02 Lo3174+03 1-3186+03 1o3132+03 1e3128+03 
18 9o1850+01 9*3390+81 1-2649+0? 1.2670+03 1o2605+03 1o26OO+U3 
19 8*9628+Cl 9*0728+01 lo1925+0f 1.1947+03 101894+03 lO1885+O3 li 20 80899O+OI 9*0090+;01 1*1741+0:! 1*1749+03 1.1703+03 1o1690+03 

21 8*8220+01 8o932O+O1 lo2201+03 1e2201+03 1e2155+C3 1o2117+03 @ 22 806635+C1 8,7956+01 1.2474+03 1.2487+03 102434+03 1.2417+03 

1 25 901322+C1 9*2642+01 103451+03 1.3446+03 1.3402+03 lO3389+C3 

# 27 904446+(31 9*5986+01 10342C+03 1.3416+03 1.3368+83 1.3363+03 

23 5o9914+01 9*2114+01 1*3975+03 1*3971+03 1*3924+03 1*3898+03 
24 8o7472+01 809012+Ql 1,3547+03 1-3543+03 1=3496+03 1*3478*03 

26 loC4Q6+02 IoO538+02 1*3179+0? 1*3179+03 1-5151+03 Lo3128+03 

II 
I 1 

1 
t 
I 
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I 300 K W  ECILING D A T A ,  1-IhoL-605 TUBE W/Z-IN-  HELICAL INSERT 

751 75 5 7 5 6  757 759 766 

I-CAUTP HCCAGT H C C A C T  H C C A O T  HCCAOA WA 

1 1.3107+03 9-7680+01 9=812C+01 1.0076+02 9.8853+01 203475-02 
2 10367?+O3 9.8648+01 9oe208+01 909968+01 9.8941+01 7,4058-02 
3 1.3001+C3 1.0591+02 1oC591+0f 1.0679+02 LoO62O+O2 1.2582-01 
4 1.3171+C3 1-0694+02 1oC694+02 1.0738+02 1o0709+U2 1.8086-01 
5 1*4895+C3 8.9716+01 8.8836+01 808836+01 8-9129+01 2-3362-01 

6 1.4651+C3 7.9838+01 7.8958+01 7.8518+01 7.9105+01 2.7185-C1 

8 1.1726+@3 8.1158+01 7.583€+01 8.0278+01 8.0425+01 3.4345-01 
7 lole3@+C3 8*1598+01 8.0278+01 7.9838+01 8o0571+01 3,2030-01 

9 1.1474+C3 8.0828+01 7.9508+01 7*9948+01 800095+01 3-4623-01 
13 1*1252+C3 8oC454+01 7.$134+01 7-9134+01 7.9574+01 309063-01 

16 103573+C3 1*1141+02 1.1@53+02 1.1097+02 1*1C97+02 7.9827-CZ 
27 1 * 3 1 5 5 + 0 3  10QCO3+02 9,9154+01 909154+01 909447+Gl 1-6027-01 
18 l.i631+C3 9.1850+01 9,C970+01 9.1410+01 9.1410+01 1.9789-01 
19 Io1913tC3 9*@508+01 8.918e+Ol 8.9188+01 8.9628+01 0. 
20 1o1721+C3 9oC310+01 808550+01 808110+01 80899Q+C1 0- 

21 lP2169+C3 8-9100+01 80778C+01 8.7340+01 8,8C73+01 13, 
22 1-2453tC3 8-7516+01 8o6196+01 806196+01 806636+61 0. 
23 1=3942+C3 8*9034+01 8m8154+01 8-7714+01 8o8301+C1 1.1794-01 
24 1*3516+C3 8.7032+01 8o5712+O1 8.5272+01 8e6005+01 102956-01 
25 f03422+03 9.0442+01 8.5122+01 8.9562+01 8,9709+C1 1.3578-01 

26 1*3659+C3 1.0406+02 l.C318+OS 1.0318+02 Lo0347+C2 1,4308-01 
27 1*3392+C3 9.4446+01 9.3126+01 9.3566+01 9.3713+C1 1.4308-01 
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300 K W  B O I L I N G  D A T A 9  1-1N-L-6C.5 TUBE W/2-IN- HELICAL I N S E R T  

770 777 779 

C A  GTLMHC U O H C  

1 7 0 c 9 2 6 + c o  6,6759+132 5,?310+0C 
2 203897P-Dl 6*0018+02  1o9981+01 
3 4dl192+Cll 6*CC?87+02 303568+O1 
4 5 ,5645 iCl  6 ,3890+02 4,3?07+01 
5 863912*Gl 3*4257+02 1*229i*02 

11 1,1371+112 9,7919902 5,8276+01 
1 2  l o 1 6 . 5 f + 0 1  6,5190+02 8,9692+OC 
1 3  1,1037+01 6.5121+02 8 , 5 0 5 6 + O c  

1 5  7pC707+C0 6.9963+02 500?18+0c  
14 1oC44S+Cl 9o8234+02 5 o 3 3 6 2 + O C  

2 1  c ,  6,5976902 00 
22  G a  6o6783+O2 0. 
2 3  3,9220+C1 6,2343+02 3,157C+01 
2 4  4,16?2+Cl 6 ,1814+02 3.3831401 
25 4 , 3 2 0 7 t C l  6 ,1750+02 3,5114+01 

2 6  4 ,6020+c1  5 ,4266+02 4,2559+01 
27 4 e 5 2 9 7 t C l  6 ,1954+02 306691401 
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TABLE A - 3  
300 KW LIQ-LIQ D A T A 9  1 - I N o  L-605 TUBE W f 2 - I N e  HELICAL I N S E R T  

202 203 860 861 86 2 863 

DATE T I M E  PI T-I POT- I PIT-I  P I T - I  

1 5,1240+00 

3 5,1240+00 
2 5e1240+CO 

1.5300903 
1 o 93OO+U3 
20 21 5-0+03 

8 o 72 56+02 
8o5610+02 
8 062 3 9 + W  

9 2 99 7+0 2 
9eU127+02 
90 O 127+O 2 

9*0863+02 
901820+02 
9 o 2 5 37+O2 

8.6886+02 
8 - 5166+O2 
8 o 5315+O2 

8o4214+02 
8 o 3336+02 
8e28 14+O2 

80 4568+O2 
8.9204+02 
8.9149+02 

8 98 8 4+0 2 
9e0784+02 
9*1831+O2 

8 7 153+02 
80 5488+O2 
8*6O61+O2 

8,606 1+02 
80 7208+U2 
8 o9676+02 

9*2933+02 
9 oOO62+02 
9*0044+02 

9 o O798+O2 
9.1718+02 
9 e 2473+02 

8 7203+O 2 
a 5 5  20+02 
8e6094+02 

9*0811+02 
9o1749+02 
9,2467+02 

13 5 a  P440+OO 5e3500+02 1,2710+03 1e2362+03 1e2700+03 1-2702+03 
14 5o144O+CO loC000+03 9,8436-002 9-7493+02 9e8393+02 9,8422+02 
1 5  5o144CaCO 102450+03 9o8O72+O2 9-7838+02 9,7993+02 9a7967402 

16 501440+CO 2-1300+03 1 e 5 1 1 2 + 0 3  1*4804+03 1o5104+03 1a5100+03 
17 5of54C+CO 7035OO+O2 1o4824+03 le4741+03 104815+03 1o4810+03 
18 5,154O+C-.O 1,0000+03 104691+03 104648+03 le4684+03 lO468O+C3 
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!! 6 6  8CC 8C 1 aoz 804 805 

P I I T - I  8i" 91 0W 91 BW 91 8W 91 "91-A 

4 804240+C2 8.3989+02 8,3947+02 8.3919+02 8o4360+02 804054+O2 
5 8,3343+02 8.3424+02 8,3363+02 8,3334+02 803775+02 8.3474+02 
6 8-2839+02 8.3032+02 8o2878+02 803015+02 8,3254+02 8,3045+02 

10 8,9949+02 8o96OO+O2 8*9613+02 809468+02 9oOOO8+O2 8-9672+02 
11 9oO831+C2 9.0705+02 9*0791+02 9,0608+02 90 1132+C2 9,0809+02 
12 9o1878+02 9.1446+02 901496+02 9,1366+02 9,1871+02 9.1545+02 

1 3  102368tC3 1.2426+03 1o2408+03 lo2410+03 lo2433+03 1,2419+03 
14 9,74Sl+C2 9.7223+02 9*7237+02 9-7155+02 9o7623+02 9.7310+02 
15 907906+O2 9.7054+02 9,7049+02 907022+02 9,7349+02 9,7119+02 
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300 KW LIQ-LIQ D A T A 9  1 - 1 f ~ m  t-605 T U B E  W/2 - INo  H E L I C A L  INSERT' 

806 807  808 8 0 9  810 811 

@ M  84 BW 8 4  EW a4 BW 8 4  BW84-A BW 7 7  

1 8oOO74+O2 8m6371+02 806469+02  8 -6423+02  8e6334+02 8*6182+02  
2 8 *4434+02  8o46O2+O2 8o4650+02 8 -4699+02  8e4598+02 8,4564+02 
3 6*4773+C2 8 ,4960+02 8,4979002 8,5079+32 8,4948+C2 8 ,4958+02 

4 Eo3964+C2 8o4169+O2 804O56+02 8o4397+02 8,4147+02 8.4187+02 
5 8 * 3 5 1 0 + 0 2  8*3586+02  8.3493+02 8o4038+02 8.3657+02 8o377O+O2 
6 8 -3176+02  8 -3086+02  8o3016+02 8 -3565+02  8o3211+02 8o3452+02 

7 8o5224+C2 8 - 5 1 7 3 + 8 2  8*5151+02  8 -5777+02  8e5331+02 8o5568+02 
8 8o8589+02 8 -8927+@2 8*8906+02  8o894O+O2 8o8841+02 808766+02 
9 808692+C2 8,8845+02 808824+02 8*9005+02  8o8841+02 8 * 8 8 6 9 + 0 2  

10 8,9528+02 80979O+OZ 8o9736+02 8,9953+02 8,9752+02 8,9684+02 
11 9et1635+02 9 - 0 9 1 6 + 0 2  9oQ957+O2 9*0938+02  9,0861+02 9*0715+02  
1 2  9-1377+C2 9 - 1 5 3 1 + 0 2  9*1612+02  9,1613402 9o1533+02  9 - 1 4 9 3 + 0 2  

16 104894403  1o4899+03  1 - 4 8 6 7 4 0 3  1*4870+03  1o4582+03 1 ,4928403  
17 1 m  4736+C3 1o4735+O3 1e4735+03 1 * 4 7 3 3 + 0 3  104?35+O3 1o4741+03 
18 1*4629+C3 1 * 4 6 1 8 + 0 3  1*4623+03  104622+03 1 * 4 6 2 3 + 0 3  104624+03 

-187- 



300 KW L I Q - L I Q  DATA, l - I h -  L-605 T U B E  W/2- INo H E L I C A L  INSERT' 

812  8 1 3  8 1 4  815  8 1 6  8 17 

ew 7 7  BW 77  BW 77 BW77-A BW 7 0  8W 7 0  

1 Eo6273+C2 8*0106+02  8*6290+02  8 - 5 2 1 3 + 0 2  8 * 6 2 0 1 + 0 2  806191+02 
2 8*4522+C2 8.4560+02 8 - 4 5 6 3 + 0 2  8 - 4 5 5 2 + 0 2  8 0 4 5 1 3 t 0 2  8 ,4501+02 
3 8.4954+02 8*4936+02  8,4959+02 8 * 4 9 5 2 + 0 2  8 -4943+02  8 - 4 9 3 2 + 0 2  

4 8 * 4 2 3 8 + 0 2  8.4108+02 8*4293+02  8 * 4 2 0 7 + 0 2  8 ,4378+02 8,4422+02 

6 8.3824+02 8*3413+02  8.3722+02 8 -3603+02  8 -4123+02  8 ,4020+02 
5 8 -3971+02  8*3655+02  8 - 3 9 8 7 + 0 2  8 * 3 8 4 6 + 0 2  8 * 4 1 8 4 + 0 2  8 * 4 1 1 6 + 0 2  

10 8-9655+C2 8 -9632+02  8 - 9 8 8 9 + 0 2  8 - 9 7 1 5 + 0 2  8 - 9 8 0 5 + 0 2  8 - 9 8 0 1 + 0 2  
11 9*C817+02 9 * 0 6 8 4 + 0 2  9e0842+02  9 - 0 7 6 4 + 0 2  9 - 0 7 6 2 + 0 2  9 - 0 7 5 9 + 0 2  
1 2  9 * 1 3 9 5 + Q 2  9*1444+02  9 * 1 5 2 7 + 0 2  9 -1465+02  9 - 1 4 4 6 + 0 2  9 * 1 3 8 9 + 0 2  

1 3  1*2480+C3 1*2451+03  1 - 2 4 6 2 + 0 3  1 - 2 4 6 5 + 0 3  1 - 2 4 8 6 + 0 3  1*2484+03  
14 9.7242+02 9,7265+02 9.7367+02 9.7313+02 9 * 7 3 7 2 + 0 2  9 ,7344+02 
1 5  c j -7000+02 9.7096+02 9 * 7 1 0 9 + 0 2  9 - 7 0 7 6 + 0 2  9 - 7 1 6 7 + 0 2  9 - 7 1 2 1 + 0 2  

1 6  1 - 4 9 0 5 + 0 3  1 * 4 8 9 0 + 0 3  1 * 4 8 9 2 + 0 3  1 * 4 9 0 4 + 0 3  1 * 4 9 1 8 + 0 3  1 * 4 9 3 1 + 0 3  
17 1 * 4 7 3 1 + 0 3  1*4731+03  1 * 4 7 3 4 + 0 3  1 - 4 7 3 4 + 0 3  1 - 4 7 4 6 + 0 3  1 - 4 7 4 5 + 0 3  
1 8  1 * 4 6 1 7 + 0 3  1 * 4 6 1 7 + 0 3  1 - 4 6 1 9 + 0 3  1 - 4 6 1 9 + 0 3  1 - 4 6 2 3 + 0 3  1 - 4 6 1 6 + 0 3  

I 
11 
1 
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8 
8 
I 
I 
8 
1 

I 
B 
I 
1 
b 
8 
2 
r 
t 
i 
1 
k 

n 

301) KW L I Q - L I Q  D A T A 9  l - INo 1-605 TUBE W12-INe H E t I C A t  INSERT 

818 819 820 821 a 2 2  823 

~k 70 EW 70 Bk'70-A BW 63 BW 63 BW 63 

13 1,25OO+C3 1.2491+03 1.2490+03 1.2520+03 102507+G3 1-2527+03 
14 5*7343+02 9*7511+02 9*7392+02 9o7515+02 9e7391+02 907555402 
15 9o71OL+CZ 9-?n70+02 907114+02 9-?256+02 9*6968+02 9,7349902 

-189- 



7 8.7091+02 8.7557+02 8 ,7446+02 8 .7297+02  8.7522+02 8 .7850+02  
8 8 ,9125+02  8*8950+02  8.8987+02 8.9024+02 8.9064+02 8 , 9 4 0 5 + 0 2  
9 8 .9184+02 8 * 9 0 1 6 + 0 2  8 * 8 9 6 1 + 0 2  8 * 8 9 6 0 + 0 2  8 * 9 0 1 9 + 0 2  8 - 9 3 6 8 + 0 2  

1 3  1.2518+03 1 * 2 5 2 3 + 0 3  1.2509+03 1 - 2 5 1 4 + 0 3  1 - 2 5 3 7 + 0 3  1 - 2 5 5 5 + 0 3  
14 9.7487+02 9*7383+02  9.7405+02 9.7241+02 9 * 7 4 8 1 + 0 2  9.7752+02 
1 5  907191+C2 9 * 6 9 9 7 + 0 2  9 * 6 9 8 3 + 0 2  9 .6890+02 9 e 6 9 6 8 + 0 2  9 * 7 4 2 3 + 0 2  
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300 KW L I Q - L I Q  D A T A 9  l - I N ,  L-605 TUBE W/2-IN, HELICAL INSERT 

8 30 831 832 833 834 835 

f 3 W  58 BW58-A BW 50 BW 50 BW 50 BW 50 

4 8,4744+C2 8,4731+02 8e4834+02 8,4983a02 8.,4942+02 8,4993+02 
5 8,4886+02 8o4844+02 8*5085+02 8*5347+02 805213+O2 8,5171+02 
6 8o5288+OZ 8,5099+02 8.5744+02 8o5952+O2 8e5837+02 8*5648+02 

7 8e7690+02 8o756O+O2 8*8268+02 8a8656+02 8,8403+02 8.8178+02 
8 8.9192+C2 8.9104+02 8,9078+02 8,9400+02 8,9231+02 8,9300+02 
9 8,9210+02 8,9089+02 8,9035+02 8,9263+02 8,9280+02 8,9386+02 

10 9oO043+02 8*9915+02 809881+02 9*0019+02 9-0071+02 9*0104+Q2 
11 9o0974+O2 9oO892+O2 9*0868+02 9-0994+02 9,1004+02 9-1056+02 
1 2  9o1610+C2 9,1561+02 9o1533+02 9,1660+02 901690+02 9,1742902 

13 1e2543+C3 1*2530+03 1.2541+03 1*2568+03 1-2554+03 1,2567+03 
1 4  907545+OZ 9,7468+02 9a7452+02 9e7494+02 907580+02 907650402 
15  9,7179+02 9e7073+02 9o7068+02 907199+02 9-7232+02 9o?’284+QZ 

16 1049660C3 1-4960+03 1049684.03 1*4994+03 fo4969+03 1o4976+83 
17 1*4740+C3 1*4730+03 1*4741+03 1,4737+03 1*4739+03 la4742+03 
18 104619+C3 1o4606+03 1,4614+03 1*4609+03 lo4614+03 la4617+03 
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300  K W  LIC-LfC DATA9 l-Ik* L-605 T U B E  W/2-1&, H E L I C A L  INSERT 

836 837 8 3 8  839  840 841 

Bh’ 5C Rk5O-A EW 43 BW 43 Ek 43 BW 43 

1 80643O+UZ 8.6433+02 8o0449+02 8 0 6 4 9 5 9 0 2  8o6403+02 806423+02 
2 8,4794402 8.4808+02 804827902 804863402 8,4749iC2 8048G5902 
3 805284+C2 8o5315+UZ 8o5351+02 805390402 8a5277+02 8,5351902 

7 8084C)3+02 8o8381+02 8o8493+02 8-9550+02 8o891OtO2 8,9135+02 
8 8-9249tC2 8.9251+02 8-9245+02 8,9344902 8,9220t02 8.9241+02 
9 8 o 9 2 2 5 + C 2  809238a02 8o9295+02 8-9320402 8o9178+c)2 8e.9291+02 

1C t ? . S S 8 0 + C 2  9oOO11+02 90008C+02 9oOQ56+02 809988+02 9,0009+02 
11  9oCS71+C2 9o0979+02 9.1027402 9,0989+02 9*0959+02 900945902 
1 2  9 o 1 6 5 8 + C 2  901657+02 901725+O2 9,1638+02 901646t02 9,1596+02 

13 102554tC3 102557403 1e2562+03 102578903 1o256O+O3 1o2569+03 
14 9o7543+G2 9.7544+02 907559+02 907545+02 9.7473+02 907535402 
15 So?14O+C2 9,7185+02 907211t02 907143+02 9,7142902 9071513+32 
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1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

1 3  
1 4  
1 5  

16  
17  
1 8  

300 KW 

842 

BW43-A 

806442902  
8,4811+02 
8 , 5 3 4 2 * 0 2  

9,OG33+C2. 
9 0 9 804 02  
9oP051+C2 

1o2567+C3 
S o  7528+O2 
9,7162+02 

LIQ-LIQ D A T A 9  l - 1 N o  L-605 T U B E  W/2- INo HELICAL INSERT 

a43 8 4 4  845 846  847 

BW 36 BW 36 3w 3 6  B W  36 BH36-A 

806451902  8*6359+02  806462+02 806277+02  8,6387+02 
8o483O+O2 8o4731+02 8*4829+02  8 -4632+02  8 0 4 7 5 5 4 0 2  
8aS335+02 8,5312+02 8,5393+02 8e5217+02 8 - 5 3 1 4 + 0 2  

8,5L18+02 8,5094+02 8 o 5 1 5 4 W 2  8o505O+O2 8,5104+02 
8 ,5572902 8,5862402 8,5831+02 805619+02  8 0 5 7 2 1 + 0 2  
806423902  807343902 8 ,7059+02 806965902  8,6948+02 

809178+02 9 ,0286902 900067+02 8 0 9 8 0 6 + 0 2  8 ,9834+02 
809283902  8.9238+02 809294402  809125402  8 0 9 2 3 5 4 0 2  
80 9204902 8o9270+02 8 ,9325902 80 9 175+02 80 9244+02 

9 o OO25+02 8 0996690 2 90 OO79902 8 o 9879+O2 80 9988+02  
9-09906.02 9,0897+02 9o1032+02 9o08OO+O2 9 * 0 9 3 0 + 0 2  
9 e 1 6 5 2 a 2  9 ,1562902 9 -  1717+O2 90 I 4 5 4 4 0 2  9o1596+O2 

I o Z 5 7 9 + 0 3  102584+03 102591303  1o257O+O3 1o2581+O3 
9 ,7503002 9074726.02 907555902  9o7386+02  9 ,7479+02 
9e7137+02 9o?O?C+O2 9o7188CO2 9o6983aO2 9 * 7 0 9 5 + 0 2  

1 o4991+O3 1050OO+03 1 * 5 0 0 1 + 0 3  1 o 4996+03 l o  4997+03 
Io4731+O3 1o4732+03 1 -4732+03  1o4736+03  l o 4 7 3 3 + 0 3  
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'300 KW LIQ-LIQ D A T A 9  l - l N a  t-605 TUBE W/Z-IN, HELICAL INSERT 

, 848 849 850 851 852 853 

BW 23 BW 2 3  Bk 29 BW 29 BW 29 BW29-A 

1 8o6486+O2 8*6405+02 806244+02 806378+02 806302+O2 8.6875+02 
2 8o4854+C2 8*477(3+02 8o462O+O2 804948402 804691+02 8,52Q9+02 
3 8.5400+c2 805390+02 805167+02 805319+02 805217tO2 805757+02 

4 8o5254+C2 8,5244+02 8*4945+02 8.5148+02 8o5110+02 805689+82 
5 e06058+02 8*6049+02 8o5515+O2 8-5874+02 8.6080+02 806508+02 
6 8,7618+02 8.7907+02 8.6804+02 a0?443+02  8,7989+02 808202+02 

7 Fe0657+C2 9o0945+02 8*9715+02 900439+02 9o1053+02 9a1300+02 
8 8*9317+02 8.9276+02 8.9126+02 809239+02 8,9236+02 8.9729+02 
9 8*9293+02 8o9307+02 80F157+02 809252002 809158+02 8,9747402 

10 SoOO65+C2 9*0043+02 8.9841+02 8.9983+02 8o9891+02 9-0498+02 
11 FslC17+C2 9*C960+02 9eC762402 9oO913+O2 9,@823+02 901418+02 
1 2  901647+C2 9o1689+02 90147cd.02 9.1575+02 901488+02 9-2098+02 

1 3  Lo2599+C3 1o2596+03 1.2572+03 102589+03 1*2593+03 1o2638+O3 
14 9,7555+02 90?543+02 9o7357+O2 907485s02 9,7384+02 9,7991+02 
15 9*7134+02 907123+02 906973902 907077902 9,7018+02 9,7591402 
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300 K W  L I Q - L I C   DATA^ 1 - 1 ~ ~  L-605 TUBE ~ 2 - 1 ~ ~  HELICAL INSERT 

8 5 5  856 857 858 859 866 

BW 23 I BW 23 % W  23 t 3 W  23 BW-23A SIT-I 

--J 95 - 



867 868 869 870 871 872 

SIT-I SOT- I SOT- I  €31 1 3  e 1  21 6 1  35 

1 8*1880+C2 8*6719+a32 806690+02 8-6775+82 806558+02 8,6121302 
2 8*0516+C2 8,5041+02 8.5054+02 8*4931+02 8,4891+02 804494+C2 
3 8*C404+312 8*5468+02 8*5482+02 8*5489+02 8052O8+O2 814728+02 

1 3  lo1407+C3 1o2444+03 lo2447+0’1 1-2466+03 1o2382+83 1*2260+C3 
14 6 : , 3 8 4 1 + C 2  9*7959+02 9o7958+02 9,8069+02 907861+02 9.7277*02 
1 5  7 o 9 2 9 7 + C 2  9*71218+02 9*7107+02 9.7940+02 9o7940+02 9o7940+02 
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300 KW L S Q - L I Q  D A T A 9  1-IHo L-605 T U B E  W/2-1Ne HELXCAL INSERT 

874 873 875 876 211  213 

E1 49 B f  63 8 %  77 8 1  91 EB 88 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
1 2  

13 
14 
15 

16 
17 
18 

80 5596+O2 
804057902 
A,bl?2*02 

8,4833402 
8,3274002 
8,3313+02 

8.2686C02 
80 1184902 
A ,  L179+02 

80 3444SC2 
8,3O95+G2 
803108+02 

8,2483902 
8 o 2 1 7 -P + O 2 
8,2146402 

8 o 174CSO2 
8 o 178 4402 
8,1972+02 

8,0720a02 
80 1740902 
8-  1972902 

€?o4901+02 
80 7694902 
808O31+02 

8,3828*02 

80 6693902 
8,6562902 

8o311O+O2 
805601902 
8 o 52 3 9+0 2 

80 2323902 
8 o 4 P 2 2 90 2 
8*2822+02 

8,2667902 802755402 
803828902 803652+02 
80 1729+02 8*1435+02 

8,8244402 

9,2290602 
9oO786+02 

8 059 1190% 
808486902 
9 149 8+0 2 

8oO839+O2 
7e8909+02 
80 5196902 

7o642P+O2 7,5893902 
6o3155+02 6-2072+02 
6o5846+02 6,4966+02 

101942403 
90 3P4E+O2 
907732402 

lof7’77+03 
8 e 7 9 6  24’ 0 2 
90752 3992 

10 1447+03 1- 1380903 
6o6040+132 6o494U+O2 
8olO26+O2 8-0102+02 

1o4414+03 
104487903 
P o 46 19+ 03 

lo4257903 
1 o 420 7+0 3 
104554+03 

le4056903 
l a  3606903 
l o  3955i903 

l o  3939403 f o  3834403 
1 o3OO3+O3 1-2854+03 
1o1734+03 1a1503+03 
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300 KW LIQ-LIQ DATA9 l - I h -  L-605 TUBE W/2-1hO H E L I C A L  INSERT 

215 2 2 2  225  228 230 233  

8 8  P I T - A  FOT-A S I T - A  SCT-A PFMST 

10 705893+C2 9*0824+02 809916+32 ?*5377+02 900519+02 8.9435+02 
11 E*1544+C2 9*1762+02 9oO837+02 6,0859+02 901251+02  9*0351+02 
12  f ; e 3 4 5 1 + C 2  9.2492+02 9m1854+02 6-2263+02 9 0 1 6 6 3 + c 2  9.1529+02 

13 I o  1426+@3 1*2704+03 1o2365+03 l a  1406+1)3 1e2445+03 1*2310+03  
1 4  604476+C2 9,8417902 9,7472+02 603812+02 9o7958+02 9*6712+02 
1 5  7098O8+O2 9*8! l l f+02 9.7872+02 7o9316+02 9m7063+02 9-7212+02 
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300 KW tIQ-tIQ DATA9 l - INa L-605 TUBE Wf2-INo HELfCAL INSERT 

235 

P F M M T  

l o  3836+02 

237 239 

SFMPT 

1a0888+ 
100688+02 
1 =0453+92 

243 

PFLO 

1,8009+ 
I o 3498+O1 
7 =4339+QD 

247 2 49 

S f  MST SFLO G-NA 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
1 2  

13 
14 
15 

16 
17 
18 

5,9982+06 
2 0 9866+O6 
l o  8229+O6 

l o  8€28+06 
I o  51O6+07 
1.4987+07 

l e  5Q91+07 
1 o 5O71+O? 
105090+07 

1 oCOOBaO2 
8*5756+01 
9 o 9 3 5 290 1 

4.20284010 
I.o-P466+OI 
1 * 745990 1 

2 0  1689+OO 
803288-01 
1 o 93 10-0 1 

4,1753+00 
1 o 5384901 
1 o 5 151+Of 

1 o 9648 +OO 
8 o 4334-0 1 
20 1764-01 
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251 255 258 270 27 1 272  

G-K BOP V P K C  BIP OPB-G T S A T K I "  

13 008684+C5 
11 304497+05 
1 2  2oC916+05 

13 1*9327+C6 
14 704217+05 
15 1e7207+C5 

16 lo7508+C6 
17 7-5149*05 
18 1o9394+05 

3*5788+01 
3.5816+01 
305760+01 

3 4587+O 1 
3 4643+5 1 
3 o 2985+O1 

3e4308+O1 
2 o 79O1+0 1 
2 824QaQ1 

4o4110+01 
309530+01 
3.9000+01 

3 o 2819-0 1 4-9969+01 
2 o 6967-0 1 50 0593+01 
2 o 8474-01 4,9?9%+81 

2e6676-01 4,9969+01 
29 71  3 1-01 4e9741+01 
2 0 993 3-0 1 4,9 372 +Q 1 

3 o 8 5 1 2-0 1 4 % 7 19 +O 1 
401865-01 4*8748+01 
4,2606-01 4.2673401 

4,718Q-Ql 308209+01 

5 325 8-0 1 3,5429+01 
5,1070-01 305513+61 

6,3815+00 5,1563+01 

8,6995-01 3,3765+01 
9 o 3948-0 1 3 o 5 148 +O 1 

2 o 3425+O1 5- 928O+O1 
1 e 938 4+0 1 406 169+81 
1o4845+01 4o3895401 

-200- 

1 o 517 L+O 1 
6,6390+00 
4,8958+03 

I 
E 
1 
I 
I 
8 
1 
1 

* This  parameter  is a p p r o p r i a t e  on ly  t o  the b o i l i n g  runs  and has  been d e l e t e d  from 
t h e  l i qu id - l iqu id  t a b u l a t i o n .  

_ _ _ _ _ ~  - _  



300 K W  LfQ-LIB DATA,  l - I N -  L-605 TUBE W / 2 - I N .  H E L I C A L  INSERT 

2 7 9  2 8 4  287  291 703  705 

QL Q P R I  GT-SC* QSC* QUAL-B* VFV-B*  
.?* 

13 ,o1598r,Si: 4,1665401 
14 6 , 3 8 9 0 - C l  4 o 9 0 5 2 + 0 1  
i5 6 , 3 7 5 9 - 0 1  6 0 6 6 0 5 + 0 0  

Whese parameters are appropriate only t o  the  bo i l ing  runs and have been deleted  
f ram the  l iquid- l iquid  tabulation. 
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7c7 

L v f L- e-); 

7 
8 
9 

10 
11 
1 2  

13 
14  
15  

16 
17  
18 

7 -j 'i 7 1 5  7 : ';" 720 721 

b;; i - i  V C I T - I  V C I T - A  VCCT-;I V C O T - I  

8*4428+G2 804391+02 8e4410+02 8*3480+C2 804187+02 
8o4596+OZ 8,4559+32 8*4577+02 803517+G2 8*4354+02 
8.S488+02 805377+02 8.5433+02 8.4224+02 805210+02 

8.'?754+02 

8,8975+02 
8 e771 + 0 2  

809617+Li2 
8*9855+O2 
8-'3672+02 

1.2358+#3 
9.6659+02 
9e2820+02 

104775+03 
1.4533+03 
l03Q59+@3 

807865+O2 8.7809+#2 806721+C2 
8.8808+02 8 ,8790+02  a0769a+02  
8,8882+02 8o8929+02 807717+02 

8,9654+02 8,9636902 8,8087+02 
8,9892+02 8.9874+02 8.8161+02 
8,9782+02 8.9727+02 8.6887+02 

80 7495+02 
8,8494+02 
8,8586+02 

a 0 8 9 i 9 + 0 2  
8,8512+02 
8-7292+02 

1.2310+@3 
9*5917+02 
9*0002+02 

1 o 4707+03 
l e43?7+03  
1,3332+03 

-his  parameter is appropriate only t o  the boiling runs and has been deleted 
from the liquid-liquid tabulation. 
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300 KW LIQ-LIQ DATA,  1-INO L-605 TUBE W/Z-IN, HELICAL INSERT 

722 724 727  730 732 733 

V C O T - I  VCOT-A VP V C I *  0 PVC* H C C T - I  HCOT-I 

4 8o4168+02 
5 8o4391+02 
6 8o5061+02 

7 807680+02 
J 2,8br?5-'C? 
5 8o8494+02 

10 8o9030+02 
11 8o8420+02 
1 2  2o7163+G2 

8.5863+02 
8,4249902 
8o4555+02 

8,3945+02 
804087+02 
80 4831+02 

8,7299+02 
8,8266%02 
808266902 

8,8679+02 
80 8364902 
8 o 7 1  14402 

1 o 2306+03 
9,5869+02 
8e9807+02 

1o4687+03 
104371+03 
Eo3326+03 

I 

I 709786+02 7-9673+02 
?o9992+02 7o9842+02 

1 8oO347+O2 80O310+02 

I 801526+02 8oI582+02 
8 a 2 5 3 1+0 2 

, 8e0647+02 8oO628+02 
8 o 240 1 +O 2 

' lO1349+O3 1,1353+03 
I 603532+02 6*3320+02 
' 806427+02 8,6298+02 

1 1*3983+03 1.3990+03 
! le319O+03 1,3171+03 
1 1o2675+03 1.2682+03 

*These paramqters are appropriate  only t o  the  bo i l ing  runs and have been de le t ed  
from the Biquid-liquid tabulat ion.  
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300 KW LIQ-LIC D A T A 9  l - I f % *  L-605 TUBE W/2-INe HELICAL INSERT 

735 737 739 741 746 747 

PCOT-A HCA I T H C A I T  H C A I T A  HCAOTS HCAOT-NE 

1 8*1516+02 8o5228+O1 803O28+01 8*4128+01 ?oO155+02 7o0155+02 
2 8oOOO2+C2 8*3952+01 8*1752+01 8*2852+01 6*8814+02 6*8856+02 
3 7*9730+C2 8*1136+01 7o8936+O1 8oQO36+O1 6*8209+02 6*8209+02 I 

4 7*9730+02 8*1202+01 7o9OO2+01 8*4)102+01 6o8677+O2 6*8677+Q2 
5 7,(i917+C2 8.1158+01 708518+01 7,9838+01 6,8883+02 6,8883+02 
6 t?o0329+C2 7o9728+O1 7*7528+01 7,8628+01 6o9124+O2 6.9124+02 

7 8e1554+02 7*8496+01 7*7176+01 7*7836+01 6o9OO7+02 6*9007+02 
8 8*2466+02 7*8958+01 7*7638+01 7.8298+01 609880+02 6*9880+02 
9 8*0637+02 8o1O92+01 7*9332+01 8oO212+01 608877+02 6*8793+02 

1 10 7*5443+C2 7.6626+01 7.4866+01 7*5746+01 604780+02 6,4822+02 
11 6*1902+02 6-9828+01 6*7628+01 6*8728+01 5o3515+02 5o3471+O2 

I 1 2  601541+02 7-1148+01 609388+01 7*0268+01 5o5979+O2 5o5935+02 

13 lo1351+C13 6*8266+01 6a5186+01 6o6726+01 9*7898+02 9*7814+02 
14  603426+O2 6*9806+01 6,9366+01 6o9586+O1 4*6693+02 4*6649+02 
15 8o6362+C2 6*0325+02 4a0160+02 5-0242+02 2e1480+02 2*2844+02 

16 1o3987+c?3 8o9958+01 8,4238+01 8*7098+01 Io2621+O3 1*2608+03 
17 103180+C3 709772+Q1 800212+01 7,9992+01 l o  1497+03 1*1489+03 
1 8  1*2679+03 8-4740+02 6o6242+02 ?,5491+02 3o2283+02 3*3479+02 
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300 K W  LIQ-LIQ DATA9 l - fFdo L-605 TUBE WI2-IN- H E L f C A L  INSERT 

748 749 75 1 75s 756 757 

HCAOTN HCAOTH HCAOTA HCCAOT HCCAOT HCCAOT 

7*9002+O 1 
7 o 9398 +Of 
7o7528+O1 

7 o 8562+O 1 
7o8078+01 
7o7088+01 

7,8122*01 
7,8078+01 
7*7088+01 

7 6,€!88l+C2 
8 6o9792+02 
9 6,8667302 

60 8587402 
6*9616+02 
6,8499902 

6o8870+02 
6,9792+02 
6 870 9+0 2 

7 7 176+O 1 

7.9?72+01 
? 0 85 18 +01 

7,6736+01 
7,7638+01 
7,8892+01 

10 604696+CZ 
11 503383402 
1 2  505935+02 

6o4486+02 
503339902 
595847402 

6,4696+02 
5o3427+02 
5 o 592 440 2 

7,5306+01 
6o8948+01 
609828901 

7 o 4426+O 1 
6o7628+01 
608508+01 

7-  4866+01 
6-7188*01 
6 8 508+0 1 

13  9,7688+02 

15 l09764+02 
14 4,6517902 

9o7394+02 
406473902 
1 9192+O2 

6 o 6066+O1 
7,1126+01 
809958901 

6e5186+Ol 
609806+01 
808638401 

6o4746+O1 
6.9806+0 1 
9,3038+01 

16 1o2582+C3 
17 101464+C3 
18 2o98869C2 

1 o 2467403 
10 1359903 
2,8933902 

1o2569+03 
1 145 2+03 
3 o 11 4 5+02 

8,3358+01 
70 5812+01 
9,2180+01 

8o2478+01 
7-5372+01 
9oO86O+O 1 

8,291 840 1 
7,6252+01 
9,8780+01 
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308 KW LIQ-LIQ D A T A ?  l-Il'+* L-605 TUBE W/Z-IN. H E L I C A L  INSERT 

' 759 766 770 777 779 

bCCAOA 

4 7.@562+G1 
5 7.8518tCl 
6 7.7235tCL 

7 7*6883+Cl 
8 7o7785+Cl 
9 7.9332+Cl 

13 6*5333+01 
14 7.0246+C1 
15 S.C545+Cl 

16 8.2918+01 
17 7e5812+CL 
18 C;e3S4f+C1 

WA Q6 DTLMHC UCHC 

9.7763-02 1.4790+01 3.4513+02 2 * 1 5 0 5 + O 1  
9,7600-02 104473+01 3*3862+02 2*1449+Ol 
1.0749-0 1 1. S839+0 1 3.4445+02 2 3076+O 1 

9.7555-02 L.4487+01 3*3755+02 2*1537+01 
1.0655-01 1.5881+01 3.3796+02 2*3582+01 
foC668-01 1.6002+01 3.4204+02 2.3478+01 

1.1911;-01 1.7834+01 3.6408+02 2*4583+G1 
1.1900-01 1.8083+01 3.6670+02 2.4747+CL 
l.lR14-01 1.7575+01 3.5840+02 2*4608+01 

1.1863-01 1.6574+01 3.4811+02 2.3893+Cl 
1.4944-01 le6804+01 3-2260+92 206141+01 
8,5869-02 1.C22 3+01 2.8025+02 1.8306+01 

1.5041-01 3o4099+01 5-0380+02 3*3966+O1 
5.2674-01 5,c597+01 4.3318+02 5.8617+01 
0 .  -5* 5.1465+02 -0. 

7,3869-02 2 *1894+O1 5-4448+02 2*0180+U 1 
5.9743-02 106015+01 5.7466+02 1.3986+01 
0. -0 . 7.5121+02 -0. 
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APPENDIX B 

C a l c u l a t i o n  Procedures Used i n  Appendix A 

(300 KW Data Reduct ion)  
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APPENDIX - B 

Phys ica l  P rope r t i e?  

The sodium phys ica l  p rope r t i e s  used i n  t h e  d a t a  r educ t ion  were taken 

from Reference 16. The potassium phys ica l  p r o p e r t i e s ,  w i t h  except ion  of 

t h e  vapor p r e s s u r e ,  were obtained from Reference 15. Vapor p re s su res  

were obta ined  from Reference 3 .  

Liquid Metal Flow Rates  

Primary and secondary l i q u i d  metal f low rates were measured wi th  mag- 

n e t i c  flowmeters.  The flowmeter c o n s t a n t s  were determined from t h e  

measured magnet s t r e n g t h  us ing  t h e  procedure descr ibed  i n  Reference 17. 

Bo i l e r  Instrument C a l i b r a t i o n  

Liquid d a t a  were u t i l i z e d  t o  determine t h e  sodium hea t  l o s s e s  and 

al low c a l i b r a t i o n  of t h e  sodium and b o i l e r  wa l l  thermocouples. These 

d a t a  c o n s i s t  of runs  wi th  no potassium i n  t h e  secondary loop ,  s o  t h a t  

t h e  temperature  change i n  the  sodium across t h e  b o i l e r  i s  due t o  hea t  

l o s s e s  and thermocouple e r r o r  only. Heat l o s s e s  through t h e  b o i l e r  in-  

s u l a t i o n  a r e  only  a func t ion  of average sodium temperature .  If i t  is  

assumed t h a t  t he  thermocouple e r r o r s  a r e  independent of t h e  sodium flow 

r a t e ,  two runs  a t  d i f f e r e n t  sodium flow ra tes  f o r  t h e  same average sodium 

temperature  w i l l  a l low determinat ion of both t h e  hea t  l o s s e s  and thermo- 

couple  e r r o r s .  
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All sodium well thermocouples are calibrated by this method relative 

to a standard thermocouple. The heat losses (QL) may be expressed in 

terms of the two sodium flows (PFLO1 and PFL02), the sodium capacity (C), 

and the standard reference temperature as follows: 

The relative error E in thermocouple reading T is  defined in Rj mj 

terms of the standard thermocouple reading T as: 
j 

T .  
mJ 

E 
Rj 

The above equations were applied to the sodium thermocouples to obtain 

their corrections and the heat losses at two temperatures. The values of 

heat loss were extrapolated to other temperatures by assuming that heat 

loss vs. average sodium temperature is linear on a log-log scale. The 

resultant equation is: 

- 2.4 
m 

1 QL = 0.67 I"a 
~1ooo 

- 
where TNa = OF and QL = Btu/sec. 

The errors in the sodium thermocouples were expressed as linear 

functions of average sodium temperatures. 

The boiler shell thermocouples were treated in a similar manner. In 

this case, however, the corrections were divided by the average sodium 

temperature to obtain fractional corrections, which were found to be more 

nearly independent of temperature. The resulting fractional corrections 

were then expressed as linear functions of average sodium temperature. 
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S u f f i c i e n t  l i q u i d  d a t a  w e r e  taken dur ing  t h i s  tes t  series t o  a l low 

c a l i b r a t i o n  of t h e  potassium well  thermocouples and t h e  i n s e r t  thermo- 

couples .  The potassium wel.: thermocouples wei=e c a l i b r a t e d  r e l a t i v e  t o  

a s t anda rd  thermocouple a t  t w o  temperature l e v e l s .  The c o r r e c t i o n s  were 

then  expressed  a s  l i n e a r  func t ions  of measured temperature .  The i n s e r t  

thermocouple c o r r e c t i o n s  were obtained us ing  a technique s i m i l a r  t o  t h a t  

used f o r  t h e  primary w e l l  thermocouples. 

The b o i l e r  i n l e t  and o u t l e t  p ressure  gages were c a l i b r a t e d  by pres-  

s u r i z i n g  the  empty loop w i t h  i n e r t  gas a t  var ious  know p res su res .  

B o i l e r  Ca lcu la t ions  

The b o i l e r  i n l e t  p re s su re  used t o  compute TSATKI i s  c o r r e c t e d  f o r  t h e  

l i q u i d  head above t h e  p r e s s u r e  gage. 

BIP = BTP gage - .003009/3KL 

The subcool ing of t h e  potassium e n t e r i n g  t h e  b o i l e r  (DTSC) is  t h e  

d i f f e r e n c e  between the  s a t u r a t i o n  temperature  a t  t h e  measured i n l e t  

p r e s s u r e  and t h e  measured i n l e t  temperature .  

DT - SC = TSATKI - SIT1 

The ra te  o f  heat  Eransfer  r e q u i r e d  t o  remove t h e  i n l e t  subcool ing ,  

Q S C ,  is  c a i c u i a t e u :  

QSC = (SFLO) CK (DTSC) Btu/sec.  

The ne t  hea t  t r a n s f e r r e d  (QPRI) i n  t h e  b o i l e r  i s  given by t h e  product  

of t h e  sodium mass flow r a t e  and change i n  en tha lpy  less t h e  hea t  l o s s e s ,  
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as f o l l o w s ,  where POT-I and PIT-I were used t o  compute t h e  e n t h a l p y  

change : 

QPRI  = PFLO - QL Btu/sec.  

The average  heat f l u x  (QFLUX) i n  t h e  b o i l e r  i s  o b t a i n e d  by d i v i d i n g  

t h e  n e t  h e a t  t r a n s f e r r e d  i n  t h e  b o i l e r  by t h e  b o i l e r  t u b e  i n s i d e  area,  

which i s  1.6444 f t 2  

QFLUX = 

The s u p e r f i c i a l  

f o r  t h e  d a t a  r e p o r t e d .  

2 3600 (QPRI) 
1.6444 Btu/hr-f t 

vapor  v e l o c i t y  a t  t h e  b o i l e r  e x i t  (WEL-B) i s  g i v e n  
n 

a s  f o l l o w s  where f low a r e a  of b o i l e r  (AB) = 0.00404 f t " :  

VVEL-B = VFV-B/AB 

f t 3  
where VFV-B = volumetr ic  vapor f low r a t e ,  G. 

The potass ium and sodium mass v e l o c i t i e s  are g iven  r e s p e c t i v e l y  as :  

3600 
G-K = (7) (SFLO) l b / f t 2  h r .  

'=B 

2 where A = .00404 f t  B 

G-NA = - :600 (PFLO) l b / f t 2  hr. 
NA 

N 

where A = .017848 f t 2  NA 

The q u a l i t y  of t h e  vapor  l e a v i n g  t h e  b o i l e r  (QUAL-B) is t h e  vapor  

mass f low r a t e  divided by t h e  t o t a l  po tass ium m a s s  f l o w  r a t e  a s  follows: 

(VFV-B) pv 
SFLO QUAL-B = 
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The two-phase potassium pressure drop across the vertical condenser 

(DP-VC) was determined from the difference in potassium vapor pressure 

across the condenser, deterinined from the inlet and outlet temperatures. 

Horizontal Condenser Calculations 

The air mass flow rate (WA) was determined by means of an orifice in 

the air line leading to the condenser. The heat transferred to the air, 

&A, in the horizontal condenser was calculated as the product of the air 

mass flow rate and the change in enthalpy of the air. The bulk air outlet 

temperatures (HCOT) were not used to calculate the outlet air enthalpy, as 

these thermocouples see the hot condenser tube and are subject to a radi- 

ation error. The temperature indicated by a thermocouple positioned 

further down the horizontal condenser air outlet line (HCAO-H) was used 

for this purpose, since this latter thermocouple is believed to have no 

radiation error. 

The overall logarithmic mean temperature difference in the horizontal 

condenser (DTLMHC) was calculated from the potassium to air inlet and 

exit temperature differences as follows: 

DTLMHC 

The overall heat transfer coefficient in the horizontal condenser 

(UO HC) was computed as follows, where A the heat transfer areas, is 

7.174 ft2. 

c7 

UO HC = A 3600 ( DTLMHC (&A) 1 Btu/hr-ft2 O F  

C 
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APPENDIX C 

E v a l u a t i o n  o f  t h e  Reduced 300 KW Data of Appendix A 
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Symbol 

"u 

Npe 

UO1 

RKW 

Table C-1 

Key to Table C-2 

Quantity 

Nussel t Number 
NNu - - h d / ~  

Peclet Number 

NPe 
= DVfCP/K 

Overall liquid heat 
transfer coefficient, 
in liquid-liquid opera- 
t ion 

Unit 

Dimensionless 

Dimensionless 

Btu/Hr ft2 OF 

Combined Resistance of 
the wall and potassium 
film 

Hr ft2 OF/Btu 
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D a t e  

5/12/64 

5/13/64 

A v e r a g e  

T i m e  

2100 

2215 

2345 

0059 

0208 

0300 

1030 

1230 

Table  C-2 

SODIUM HEAT TRANSFER C O E F F I C I E N T S ,  300 KW 
F A C I L I T Y  (CALCULATED FROM THE DATA 

O F  TABLE A-3 O F  APPENDIX A )  

+3 RmX 10 

(B=5 ) (B=7) 

+3 RmX 10 
uo1. ( N p e ) N a  

2484.8 - 1713.4 

1715.4 1852.8 - 

1662.0 1021.7 .3837 .3106 

1427.4 408.14 .3928 .3134 

1300.7 203.43 .4014 .3237 

1259.5 124.65 .3928 .3179 

1243.9 124.95 .4028 .3279 

1602.9 1041.6 ,4078 .3349 

RKW f o r  B=5 .0003969 

Standard D e v i a t i o n  i n  R f o r  B=5 2.20146% 
Kw 

A v e r a g e  R for B=7 .0003214 

Standard D e v i a t i o n  i n  R f o r  B=7 2.86061% 
KW 

Kw 
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"Nu' N a  

- 

- 
9.546 

6.761 

5.664 

5.186 

5.187 

9.629 



Table C-3 

Key to Table C-4 

Title 

DATE 

TIME 

PFLO* 

Description 

5.1940 = 5/19/64 

Column N o .  

104 

103 

104 

1445 = Navy time 

Primary (sodium) flow rate, 
1 b/sec, 

SFLO* 105 Secondary (potassium) flow 
rate, lb/sec. 

SOT-A* Average secondary (potassium) 
boiler outlet temperature, OF. 

106 

SIT-A* Average secondary (potassium) 
boiler inlet temperature, OF. 

107 

PIT-A* Average primary (sodium) boiler 
inlet temperature, OF. 

108 

POT-A * Average primary (sodium) boiler 
outlet temperature, OF. 

109 

TBI Temperature at which boiling 
initiates, determined from 
insert thermocouples, OF. 

110 

TKO Temperature indicated by insert 
thermocouple at potassium boiler 
exit O F  e 

111 

114 

115 

119 

123 

QUAL* 

QPRI* 

QSC 

DTNASC 

Potassium quality at exit of 
boiler tube a 

Net heat transferred from 
sodium, Btu/sec. 

Heat transferred in subcooled 
heating region, Btu/sec. 

Sodium temperature change in 
subcooled heating region, OF. 

-219- 



1 
I 
I 
I 

Table C-3 (Continued) 

Description Title Column No. 

178 LSCH Length of boiler tube in sub- 
cooled heating region, inches. 

PE-NA Sodium Peclet Number 179 

180 

188 
I 
I 
I 
I 
I 
I 

PE-K Potassium Peclet Number 

RE-KL Potassium liquid Reynold's 
Number 

190 HNA Sodium heat transfer coefficient 
based upon boiler tube ID, 
Btu/ (hr-f t2-OF). 

HBW Equivalent heat transfer co- 
efficient of boiler tube wall, 
based upon the tube ID Btu/ 
(hr-f t2-'F). 

191 

192 DTOI Overall sodium to potassium 
temperature difference at 
potassium boiler inlet, OF. 

Overall sodium to potassium 
temperature difference at 
initiation of boiling, OF. 

193 

194 

DTOB I 

DTOE Overall sodium to potassium 
temperature difference at 
potassium boiler exit, OF. I 

I 
I 
I 
I 
I 
I 

197 

202 

211 

213 

DTOBAA 

DTOBLA 

Q/A - AB 

UOB-AA 

Arithmetic average of DTOE 
and DTOBI, OF. 

Logarithmic average of DTOE 
and DTOBI, OF. 

Average heat flux in the 
boiling region, Btu/ (hr-f t2). 

Average overall boiling heat 
transfer coefficient, based 
upon the arithmetic average 
boiling temperature difference, 
Btu/ (hr-f t2-OF). 
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Column No. 

21 4 

230 

234 

243 

270 

272 

291. 

29 2 

29 6 

Table C-3 (Continued) 

Title 

UOB-LA 

HAK-AA 

HAK-LA 

DP-KL 

DP-M 

BOP-G 

BIP-BI 

DPB-G 

TPFM 

Description 

Average overall boiling heat 
transfer coefficient, based 
upon the logarithmic average 
boiling temperature difference 
Btu/ (hr-f t2-OF). 

Average potassium boiling heat 
transfer coefficient, based upon 
the arithmetic average boiling 
temperature difference, Btu/ 
(hr-f t2-OF) 

Average potassium boiling heat 
transfer coefficient, based upon 
the Logarithmic average boiling 
temperature difference, Btu/ 
(hr-f t2-OF) 

Pressure drop in the boiling 
region calculated f o r  all liquid 
flow, psi. 

Calculated momentum pressure 
drop, psi. 

Measured potassium boiler outlet 
pressureg psi. 

Potassium pressure at initiation 
of boiling, psi. 

(BIP-BI) - (BOP-G) 

Two phase frictiorral pressure 
drop multiplier, equal to 
EDPB-G) - (DP-M)] / (DP-KL) 

* These quantities obtained from Table of this report. 
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TABLE C - 4  
C A L C U L A T E C  R E S U L T S ,  l - I h *  t -605 T U B E  W/Z-INo H E L I C A L  INSERT 

1 0 2  103 l C 4  105 1C6 107  

C A T €  TIYIE P F t C  S F t Q  SOT-A S I T - A  

1 5,194@+00 1o4450+03 bo7972+OC 3,6839-01 1-1247903 1oO549+03 
2 5of940+00 202150+03 700061+OC 509219-01 1o2944+O3 1o2C67+03 
3 5*2040+00 9eGCOO+O2 6*9OC4+0C 6,3215-Cl 1o48OI+O3 1e4245+03 
4 5,2040+00 2*2000+03 6o7256+OC 6,8956-01 1o7610+03 1*6951*03 
5 5,2141?+00 5,2800+02 O07343+OO 3-2190-01 107158+03 105910+03 

6 5,2140+00 7o0000+02 6.7712+0(3 303627-CI 1o7325+03 1o6135+03 
7 5*2140+00 9,3000+02 6,7740+00 3-2224-01 107176+03 1,5936+03 
8 5o2140+00 1-3000+03 6-7815+00 3-2128-01 1a7311+03 1*6047+03 
9 5e2140+00 1a7300+03 Oe8438+OG 3,2113-01 1o7314+03 lo6GO5+03 

10  5,2140+00 109000+03 6,88l6+OO 2,7779-Cl 1.6965+03 1.5579+03 

f l  5o2140+00 2 ~ 0 0 0 C + 0 3  6*85€?2+00 2,5762-01 1,6973+03 lo54C0+03 
1 2  5*2140+00 2010C0+03 688539+0C 2,3839-Cl 1 ,7018+03 lO54C5+O3 

1 4  5,2140+00 Ze3000+03 609089+O@ 1,9437-01 l e 7 0 3 1 + 0 3  1-5047+03 
1 3  5,2140+00 2*2000+03 6e9141+0C 2o1OO4-Cl 1,6985+03 1o5249+03 

1 5  5e2140+00 2 * 4 0 0 0 + 0 3  6-77'36+00 1-1288-01 107162+03 1-4969+03 

16  5,2240+00 1-0000+02 6o8352+00 1,6861-01 1o7169+03 1o4968+03 
17  5,2240+00 3,3800+02 6 0 8 2 3 0 + 0 6  lP7763-C1 107282+03 1,5156+03 
18 5o2240+00 6.5000+02 6-8113+00 1-6933-01 l.7124+03 1,5212+03 
19  5*2240+00  l e f 0 0 0 + 0 3  O o E 2 7 8 + O G  8o7080-02 1o7133+03 1o4012+03 
20 5,2240+00 104000+03 6 , 9 2 c ~ + O o  2,7999-01 l 0 6 4 8 f + 0 3  1.5183+03 

2 1  5.,2240+00 167300+03 (5o9505+00 3o2313-OL 1e(5091+03 1-4968+03 
22 5,2240+00 2o1301?+03 6,986G+OO 3-1493-01 1.54&4+03 Lo4326+O3 
2 3  5o2240+00 2,4000+03 6,8473+00 3,0261-01 1056C6+03 1.4394+03 
24 5,2340+00 3,0000+02 6o9308+OO 3oL619-01 1o5354+03 1.4240+03 
25 5,2340+00 4e3000+02 6,8954+00 3,0443-Cl 1o5517+03 1o4376+03 

26 5.2340+00 101300+03 6,91C;l+00 30347c-01 1056%6+03  104818+03 
27  5,2340+00 1.3530+03 7,0757+00 3e8465-01 fP5857+03  104?77+03  
23  5,2340+00 1,4300+!23 70@754+00 2,7800-01 1*5861+03 1.4569+03 
2 9  502340+fi0 2,3000+03 609107+(30 6,0947-Cl 1,5467+03 104780+03 
30 5,2440+00 300000+01 6,8669+0@ 6-4836-Cl 1,5651+03 1*5045+03 

31 5o2440+00 3o3OOO+O2 608747+O1; 6,1793-Gl 1*6103+03 1o549O+O3 
32  5,2440+00 8a3@00+02 6o9651+00 6-3848-Gl 1o5779+03 1o5226+03 
33 5.2440+00 1 o 2 O O O + O 3  6*85?8+00 6,2896-01 1o5499+03 1.4964+03 
34  5e2440+00 1*3000+03 608640+00 5,0485-01 1a5430+03 1o4777+03 
35 5o2440+00 1a4000+03 (5092S7+0C 2o6122-CI 1-5103+03 1*3971+03 

36 5,2440+00 1o6300+03 6a7631+0S 2.3169-01 1o5882+03 1*4361+03 
37 5,2440+00 fs8000+03 6,84C4+GC 2,2087-01 1.,5721+03 l o 4 2 7 5 + 0 3  
38 5,2440+00 1,9300+03 C o 9 5 1 8 + O C  lo9055-Gl 105672+03 1-3939+03 
39 5,2440+00 l893OC+G3 6,'9445+00 109022-01 lO58C9+O3 1,3829+03 
40 5 ,2540+00  3 D u " C C 0 + C 1  6,8239+06 lo5313-C1 1*5766+03 lO3772+O3 
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CALCULATED R E S U L T S ,  1-INo F-405 TUBE M12-INe H € L I C A L  I N S E R T  

108 109 110 Ill 114 115 

P I T - A  PUT- A T E i  TKO QUAL Q P R I  

1 1*2255+03 1.2193+03 1-2240+03 1.2080+03 2oG65O-02 lo1466+01 
2 lo4033+03 1.3881+03 1o3870+03 1*3099+03 4-0780-02 300523+01 
3 1o5836+03 1-5673+03 1-5480+03 1.4912+03 407570-02 3*2497+0f 
4 1-8248+03 1*8073+03 1 .7760+03 1o7610+C3 407100-02 3*4401+01 
5 lo8406+O3 1*8064+03 1*7550+03 1o717O+O3 2-4719-01 609632+Ol 

6 1o8500+03 1.8179+03 1o766O+O3 1o7339+03 202220-01 605605+01 
7 1o8129+03 fo7865+03 1.7460+03 1-7171+03 1-8148-01 5-3367+01 
8 1o7965+03 1*7776+03 1*7405+03 1-7294+03 l o  1773-01 3o7551+Q1 
9 lo7755+O3 1.7624+83 1.7355+03 1-7301+03 6.6660-02 2.5298+01 
10 1o7609+03 1*7427+03 1*7075+03 1*6948+03 1.3217-01 3-6485+01 

If 107621+O3 1*7434+03 1.7082+03 lo6958+03 1.4522-01 3*7413+01 
12 1*7658+03 1.74?0+03 1.7125+03 1.6995+03 1.6049-01 307638+01 
13 107641+03 1*7447+03 1-7095+03 1*6988+03 109527-01 309317+01 
14 1*7671+03 1.7478+03 1.7135+03 1-7033+03 2-07C8-01 3,9C88+01 
15 1o7750+03 1.7562+03 1-7245+03 1*7169+03 202087-01 307244+01 

16 107688+03 1.7518+03 1-7218+03 1*7162+03 2-0059-01 3*3721+01 
17 1-7666+03 1*7536+03 1.7307+03 1*728L+C3 102614-01 2o5062+01 
18 lo7456+O3 1o7346+03 1o7140+03 1-7115+03 100847-01 2.0908+01 
19 lo7412+03 1.7303+03 1.7123+03 1o7119+03 2-2396-01 200600+01 
20 1o6888+O3 1.6?69+03 1o656O+O3 1o6476+03 700520-02 203031+01 

21 1 -6519+03 1o6403+O3 1062O6+O3 106O86+03 5,9410-02 2,2703401 
22 1o648?+O3 1.6263+03 1-5910+03 1*5494+03 105245-01 4.6046+01 
23 1-6406+03 1.6215+03 l0S915+O3 le5624+G3 1.2573-01 3.8075+01 
24 1.6076+03 1*5911+03 1*56S5+03 1o5376+03 1oOOO1-01 302899+01 
25 lo6146+03 1.5995+03 1*5755+03 1*5535+03 9.32810-02 2-9840+01 

26 1o6122+03 1.60 15+03 1o582S+O3 1-5683+03 504980-02 2oO714+01 
27 106389+03 106280+03 l06215+03 1.5855+03 402950-02 201711+01 
28 1.6398+03 1.6270+03 1.6025+03 1-5862+03 802100-02 205581+01 
29 1-6659+03 1*6416+03 1*6105+03 1.5518+03 8,3260-02 4-9520+01 
30 1o6654+O3 1*6437+03 1*6160+03 1*5673+03 6-8400-02 4o3678+01 

31 1*6921+03 106731+03 1.6450+03 1.6122+03 60 1620-02 3-8080+01 
32 1.6448+03 1.6302+03 106104+03 1-5783+03 402820-02 2o9151+01 
33 l05955+03 1.5856+03 1.5730+03 1-5503+03 2.3350-02 l08699+O1 
34 105868+03 1.5767+03 1*5625+03 1*5430+03 3oO2OO-OZ 1o9035+01 
35 105766+03 1.5621+03 1-5373+03 1*5114+03 1oG706-0f 2-8730+01 

36 1,6549+03 1o6371+03 1-6075+03 1-5889+03 104969-01 3*4890+01 
37 Io6552+03 1.6347+03 1o60OO+O3 1.5726+03 109464-01 4*0989+01 
38 1o6526+03 1.6311+03 1*5960+03 1-5673+03 204297-01 4o3871+01 
39 1o6642+03 1.6420+03 1.6070+03 1.5813+03 2.4678-01 4*5187+01 
40 106553+03 1.4341+03 1.6005+03 1e5771+03 207422-01 402414401 
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C A L C U L A T E C  RESULTS% l - I N -  t-605 TUBE W / 2 - I N e  H E L I C A L  I N S E R T  

119 123 178 179 r e o  183 

CSC CTNASC LSCb PE-NA PE-K RE-KC 

1 1o1702+01 50736O+CO 7o27CO*Cl loO36O+C3 20 1081+02 6*2095+04 
2 Z0C596+01 9,7451300 5,27CO+Gl le1235+C3 3,7984302 1,0755+05 

4 102106+01 5,73OG+@O 3027C0+0L l022OO+C3 6,6941+02 1,4978+05 
3 105796SOl 7,4919+00 3*85C0+01 1016794C3 407657+02 1o2442+05 

5 1,1253+01 5,3203COO 3,87CO+Of 1,2244303 2,92C9+02 6,9103+04 

6 lo0991+01 5,1593~00 3,67CC+Ci 192351+C3 301041+02 7,2554+04 
7 1oOO43+01 407327900 2o44CO+O1 Po2225+Q3 2eF053+02 6,8988+04 
8 9,3090+00 4-3870+00 2o5500+01 1o2195+03 2a9141+02 6m8944+04 
9 9,2356+00 4e.3212+00 2*77C0*01 1*2244*03 2eE989+02 6,8857+04 
10 8,7527+00 4.0830+00 2e4?00+01 1o2251+03 2e4159+02  5-8878+04 

11  9o1004+00 4o2593000 2a4500+01 102213903 20219?+02 5,4620+04 
12 8*6193+00 4,0348300 2o55C0+01 Po2218+03 20C5S4+02 5*0617+04 
13 8o1241+00 3*7710+00 3o77CO+OL 1*2318+03 lo7962+02 4,4567+04 
14 8,4833+00 309391+00 2,7200+01 lo2320+03 1o6470+02 4,1296+04 
15 8.2343900 3,8922900 3,2700+01 lO211?+O3 lO4679+O2 3,69G6+04 

16 7o9355+OO 3*7226+GO 2*45C0+01 lo2198+03 lo42$4+02 3.5972904 
17 800238+00 3e,7695+0G 2-52C0+01 lO2176+O3 1,5289+02 308Q41+04 
18 6o8423+OO 3*2282+00 2as4260301 1,2085+03 1o4487+02 3e6043+04 
19 5o5879+00 2-6314+00 2-82C0+01 lo2099+C3 7oG1$0901 1*8531+04 
20 7o9872+OO 307348400 2m34CO+OL lo2080+C3 2-3218+02 5*8192+04 

2 1  8,2230+0C 3,8440900 2057C0+01 l020O?+C3 2060$4+02 6,6154+04 
22 1e0160+01 407328.000 2e69G3301 lo2039+C3 2043C4902 603310+04 
23 9,3826900 404615COO 2-5900+01 lo1778CC3 203438+02 60 1GO3+04 
24 9eO745COO 4a2764+60 2o59C0+01 l o  1815CO3 2o4OIO+O2 6,30?3+04 
25 8,5396000 4,0421+00 2*62CO+Ol I o  178O+C3 2,3372+02 60 1055+04 

26 6.8949+00 3o256O+OO 204?GO+01 Io1805+03 2.0350+02 6,7429+04 
27 101356+01 5o22E8+00 4o2700+01 lo2180+03 300794+02 7*8392+04 
28 8o2800+00 3,8079+00 2 c 5 5 G O + O ' L  lo2P?9+C3 20 1834+02 5a6445+04 
29 1e0562+01 7,7'788+00 3067CO+OI 1019?4+@3 4oE544+02 1*2308+05 
30 1,4862+01 7oO295+00 3e7900+01 1o1891+03 5*2434+02 1o315O+OS 

36 8m1045+00 3e895@+00 3o4000+03. 10 1683+G3 1o8#57+02 4*7116+04 
37 707627+00 3,6896+00 3e270G+OE 1-1813+03 lo7078+02 4,4697+04 
38 7,8023+00 3-6504*00 2,57CO+OL la1995+03 le4472+02 3a8488+04 
39 8-0331+00 400385+00 2o6?3;0+01 L o 2 O 2 c " + C 3  1,444?+02 308619+04 
40 7-3665+00 3 ~ 5 1 0 0 * C O  2,79C0+01 loL784CC3 1,2325+02 3,3046304 
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C A L C U L A T E D  R E S U L T S ,  1-18- L-605 T U B E  k/Z-fN, H E L I C A L  I N S E R T  

190 191 152 193 194 197 

“A H BW D f O  I C f O B  1 UTOE DTOBAA 

1 4,1386+03 4*0454+03 1.6440+02 1-0360+00 107500+01 9,2683+00 
2 4o1047+03 403848+03 1a8140+02 100845+UI 9a34CO+O1 502123C01 
3 4,C121+03 4,7583903 1o4280+02 2,6792+01 9024c0+01 509596+01 
4 3o9298+O3 5.3331+03 10122O+O2 3o7030+01 6o28CO+O1 5,0415+01 
5 3*9319+03 5o3269+03 2o1540+02 506720+C1 Lo2300+02 900160+01 

6 3a9418+03 5.3514+03 200440+02 5o7059+01 1o1610+02 8o6580+01 
7 3,9439+03 Se2756+03 le9290902 5o1233+C1 9o58CO+OL 7,3516+01 
8 3m9472+03 5.2564+03 1e7240+02 4- 148?+01 6*71CO+Ol 504293+01 
9 3,9662+03 5 o 2 2 5 2 + 0 3  1*6190+02 3-1221+01 4o54GO+OL 3o8311+01 
10 3,9781+03 5e1740+03 1o8480+02 3a9283+01 6o61CO+O1 5e2692+01 

11 3o9716+O3 5e1763aC3 2-0340+02 3,9459+01 6-h3C0+01 502880+01 
12 3o9701+03 5-1859+03 2e0650+02 3*8535+01 6*63CO+Ol 5o2417+01 
13 3o9869+03 5.1802903 2o1980+02 3*8971+01 6053G0+01 512136901 
14 3,9852+03 5.1886+03 Z04310+02 3,823F+C1 6,38C0+01 5,,1020+01 
15 3,9487+03 5.2114403 2o5930+02 3o5592+O1 S e 8 1 C O + O 1  406846+01 

16 3o9646+03 502007903 2o55CO+02 303723+61 5026CO+Ol 4,3161+01 
17 3,9612+03 s02087+03 2 a m + 0 2  2,64709~1 30a500+oi 3,2585+01 
18 3a9598+03 5.1634903 2o1340+02 2o3828+01 3041C0+01 2,8964401 
19 3,9647+03 5o1561+03 3e2910+02 2*0631+01 20ci3CG+01 204966901 
20 3*9962+03 5.0232+03 1m5860+02 2-4635961 4012CO9ol 30291?+01 

2 1  40G106+03 4.9334+03 1,4350+02 2,3544401. 4033C0+G1 303422+01 

2 3  3,5848903 408832+03 L08210+02 3*446l+Cl 3,13260+01 506331+G1 
22 4oCZ17*03 408926903 Lo937O+G? 4o0033+01 9o93C0+01 6o9666+01 

24 4o0128+03 4.8099403 1.6710+02 2098?6+Cf 7oCOCO+O1 4a9938+(41 
25 4,COi8+03 408310903 1.6190+02 2a8042+01 6o11CO+O1 406b571+01 

26 4,C059+03 4.8367+03 lo1970+O2 2*2256+Cl 4.39C0+01 303C78+01 
27 4,0468+03 4.9183403 f05030+02 laf722+C1 Se34CO+0l 3.2561*01 
28 4,0468+03 4*8958+03 1o7010+02 2o8308+01 5o36CO+01 4,0954+01 
29 4oCG01+03 409382903 106300+02 308879+O1 l o  1410+02 7.6489+G1 
30 3,9863+03 4o9444+03 1a3920+02 3047299Cl 90€!lC0+(91 606415*01 

3 1  3,9836+03 5*0136+03 1a2410+02 3o3910+01 7o99CO+O1 5o69O5+01 
32 4,0163+03 4.91 19+Q3 1*0760+02 2e5190+01 6065CO+Ol 4a5845+01 
33 3,9957+03 4.8(;42+03 8.92CO+O1 107294+(31 405200+01 3.1247+01 
34 400002+03 4*?803+03 9 0 9 ~ c o + ~ ~  la8359+U1 403800+01 3- 1079401 
35 4oO220+03 4*?363+03 106500+02 2a8282+Cl 6052CO+O1 406741+01 

36 309592+O3 4.9208+03 2001CO902 303495+01 6o6000+01 4*9747+01 
37 3,9806+03 4.9119+03 2,0720a02 3.8390+01 8,26C0+01 6,0495*01 
38 4oQ117+O3 4e9037t03 2e3720+02 308750+01 8e5300901 6*2025+01 
39 4,0078+03 4o9317+03 2*5910+02 3-9038+01 8o29OO+O1 6-0969+01 
40 3,9761+03 4.9126+03 205690+02 307110+(31 7,8200401 5,7655+01 
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C A L C U L A T E C  RESULTS,  1-IM- L-605 TUBE W/2-IN, H E L I C A L  INSERT 

20 2 2 1 1  213 214 230 2 34 

CTCBLA C I A - I B  LOE- Ad UOR-LA H A K - A A  HAK-LA 

1 5,8252+00 -2-2565+03 -20435@+02 -3,8743+C2 -20176@+02 -3.2574+02 
2 308341+01 4,5850+04 8-7966+02 fo1959+C3 105035+03 2*7432+03 
3 5,2994901 5,0450*04 Fe4720+02 L 00652+C3 1o6769+O3 2*0860+G3 
4 4o9207301 6o7917t04 1o3472+03 1o3802*C3 3o32(37+O3 3o5393+03 
5 8.5862+01 1.,9807+05 2,1968+03 2a3068+03 7,6081+04 -1.1689+05 

11 5,1724+01 705685904 1o4313+O3 lo4632403 309416903 4,1940+03 
12 5,1168+01 7,8749+04 lo5023$-03 lo5390+C3 405267+03 408??o+03 
13 5olOO8+O1 1*0386+05 1-9922+03 200362903 1o7211+04 2-1166+04 
14 409934+01 8,5251+04 1o67C9+03 1o7073+G3 6o4597+O3 7oO387+03 
15 4,5931+01 8,8373+04 1e8804+03 le9240+G3 l o  177O+O4 1-3404+04 

16 4o2464+O1 6*8930+04 1 c597U+03 Lo6232+03 5o5O52+03 5,8297+03 
17 302224+01 4,60284-04 Pa4125*03 l04284+03 307950+03 3,9114+03 
18 2,8658901 3o7433+04 P-2924+03 lc30624C3 3eC529+03 3e1311+03 
19 2*47€3+01 4,2478+04 1 e7014+03 1*7P89+(33 7-C640+03 703741+03 
20 3.2211301 3,9565+04 1.02019+03 1,2283303 2,6B32+03 2,7412+03 

2 1  302425+0f 3,94P4+04 Io1?93+63 le2156+C3 2*5258+03 2,6981i03 
22 60524C+Dl 9-9497+04 lo42E2+03 1 o 5 2 5 1 + C 3  4oC461+03 4o9343+03 
23 5,337?+01 7,8339+04 lo39C?+03 fo46?7+O3 3*79?5+03 4*4322+03 
24 4o7125+01 6-5048+04 103026+O3 103803903 3o2195+03 3o74O3+03 
2 5  4o2447+01 5,8424+04 fo31C8+03 Lo3764+C3 3o2679+03 3 0 7 0 8 5 9 0 3  

31 5o3060+01 806035+04 lo5119+03 lo6033+C3 407408+03 5,7732+03 
32 4o2555+01 5o2302+04 1*1468+03 1o2290+03 203586*03 207696+03 
33 2o9O46+Ol 2*9461+04 9o4285+02 lo0143+03 PobbC6+03 1.8957+03 
34 2ew59+oi 305~88+04 ~ ~ 5 7 9 + 0 3  i0z300+c3 2,4726903 2-a262+(13 
35 4c4201+01 5e9968+04 lo283O+O3 1o3567+C3 301283+03 306061+03 

36 4e7924aOf 8,3443+04 fo6773+03 1o7412+03 701231+03 8*4361+03 
37 507699+01 100122+05 1o6732+03 1o7542+03 6o9996+03 8o6771+03 
38 5,8996301 9,8179+@4 1 - 5 8 2 9 * 0 3  1,65424C3 5 , 6 0 0 5 + 0 3  6,77(15+03 
39 5,8242+01 1o0104*05 1-6572+03 1o7348+C3 6-6156+03 8oO536+03 
40 5e5126+01 9o8701+04 1 o 7 1 1 9 + 0 3  1o79O5+03 7o7473+03 906660+03 
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CALCULATED RESULTS9 l-IA1- 1-605 TUBE W/2-IM* HELICAL IkSERT 

243 2 70 272 291 252 2 96 

CP-KC CP-M BOP-G B I P - B I  OPE-6 TPflvl 

1 6,8027-02 301196+00 407151+00 3*6988+CO -100103+Co -6,0798+01 
2 209711-01 7,6370+00 8o9899+00 1*3846+01 4o8557+OO -9.3613+CO 
3 4,5045-01 407089+00 2o3011+01 3o12?0+01 8o2589+00 7,8812+00 
4 508072-01 2.2779+00 7014c9+01 7a6211+G1 4*8022+00 4,3467+00 
5 1,5558-01 2,8830+00 6,0526+01 6,86O8+Cl 8,C815+00 3,3415+01 

6 107320-01 2o?064+00 6,4384901 7-2187+01 708O32+OO 2o9427+01 
7 109798-.01 2,1?40+00 6,0699+01 6-7122+01 604230+00 2,1462+01 
8 3o939O-O% Po3736+00 6,3434+01 6o7663aOf 4,22%8+00 1*4725+01 
9 108726-01 708341-01 6o32C4+O1 6o6088+01 2*8837+00 1e1216+0f 
10 105545-01 1o2947+00 5o5775+01 6oOO78+01 4o3O3Q+OO 1o9353+01 

11 103336-01 102195+00 506380+01 600081+Gl 3070C8+00 1,?933+01 
12 102057-01 l.P388+00 506?54+01 600454+01 3070@3+00 2.1245401 
13 8oO385-OZ lo08136.00 5o6524+01 5-8847+01 2o3233+00 1.5451+01 
14 8,4971-02 906657-01 5,6870+01 5oQ6?8+Cl 2,8077+013 2*1668+01 
15 604616-02 7.8178-01 6-(3152+01 6o1812+01 1o66C4+00 1,3597+01 

21 fo9390-OP 1.0673+00 3.9446+01 402987+01 3*54C9+00 102757+01 
22 108245-01 3oO72C+OO 3oO736+01 3077349C1 609904+00 2c.1520+01 
23 107396-01 202780400 3-2215+01 3077539Cl 5o5430+00 lo8?69+01 
24 1,8631-01 2,2081+00 2,85?9+01 3L3817+01 5023?9+00 lO6262+O1 
25 Lo?474-O1 1o7883+00 3o0612+01 305341+01 4o7291+OO 106829+C1 

26 2oC782-01 1.2261+00 3.3170+01 3.7123+C1 30’?525+00 lo3fP9+0f 
27 l0893?-01 1.1396+00 3,5984+01 3-9844+01 3086CO+00 1-4366+01 
28 lo53O6-01 101762+00 3,6123+01 3,9546+01 304227+00 1,4677+01 
29 4o408I--O1 6o0207+00 30P013+01 400871+01 9-8539+00 807C47+00 
30 4o7568-’01 5.3827900 303833+01 4,1845+01 8oOL17+OO 505267COO 

31 4,4167-01 3.8522+00 4o0172+01 4-6?65+01 605925900 6.2046+00 
32 5,2235-01 3,2369+00 3,5006+01 4,16124Gl 6e6060+00 6.4499+00 
33 40s461-01 109434+00 3*0828+01 305a22+01 4,9943+00 607110+00 
34 3,0583-01 lo6814+00 2.9688+01 3,4441+01 4.7528+00 1m0043+01 
35 103367-01 1,7767+00 205343+01 300020+01 406768+00 2*1695+01 
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CALCULATED RESULTS, 1 - I N o  L-605 TUBE H 1 2 - f N m  H E L I C A L  I N S E R T  

102 103 1C4 105 1C6 107 

CAT€ T I P €  P F L O  S F t O  SOT-A S I T - A  

41 5,2540+00 5,3000+02 6,8865+OC 106029-01 1.5617+03 lo3517+03 
42 5m2540+00 8*3000+02 6e8756+00 lo6498-Gl Io5575+03 1o3723+83 
43 5a2540+00 9-3000+02 0085E7+OC 107336-01 1e5525+03 1o3?58+03 
44 5o254O+OO 1o1000+03 6a9590+00 1-3105-01 lo5431+03 103212+03 
45 5oZS4O+OO 1e3000+03 6*9570+00 800610-02 1.5331+03 1o2051+03 

46 50254O+OO 2*0000+03 6-8642+00 lo62O4-CI 1061C4+03 lo4119+03 
47 5o254O+OO 2o23OO+O3 608610+00 1-6100-01 106564+03 1a45G4+03 
48 502640+00 603000+02 6o8411+OO 105318-01 1o7063+03 Io5CO2+03 
49 5-2640+00 9o30C0+02 6o7639tOC 1,6466-Cl fo7061+03 105015+03 
50 5oZ64O+OO 1o1000+03 6o7937+OG 106223-CI 1-0914+03 1o4881+O3 

51 502640+00 108000+03 6086C1+00 1-5618-01 lO6918+O3 lO4957+O3 
52 5o264O+OO 1o9300+03 6,8762+01; lo3619-CI Lo6987+O3 1m4578+03 
53 5o264O+OO 2o1300+03 6o8665+OO le1672-Cl fo6993+O3 1o43O6+03 
54 52640+00 2o2300+03 6e8771aOG 100792-011 lo69C8+03 1-4079+03 
55 5o2640+00 2o3000+03 6087C0+00 l.sO975-CI. 106895+03 1-3997+03 

56 5o2640+00 2-3450+03 6*8657+00 9-1010-02 Io7049+03 fo3875+03 
57 5o274O+OO 5oOOGG+OO 6*8579+00 7,9995-02 106999+03 1-3524+03 
58 5,2740+00 2~0000+01 6s8150+0G 6*9974-C2 l06845+O3 1.3234+03 
59 5o274O+OO 2o50OO+O1 6-8350+00 6,3280-02 laS?k6+03 1o3010+03 
60 5*2740+00 fm3000+02 7o12C?+OC 1-1468-01 1,576%+03 1-1942+03 

61 5,2740+00 7-4500+02 6-8556+0C 9*7160-C2 fo687f+Q3 1.3845+03 
62 5e2740+00 9e0000+02 608884+00 8o883O-C2 1o€882+O3 1o3?96+03 
63 5,2740+00 lo1300+03 6o?923+QO 902790-02 1070(33+03 lo3660+03 
64 50274OtOO 104000+03 6o6?14+OO 802370-02 le7136403 Io355O+03 
65 5,2740+00 105008+03 6o8077+0G 8o633O-C2 IoTO78+03 Io3419+03 

66 6e3040+00 4m3000+02 6a9413+0G 1,7579-Of 1o5573+03 1o3903+03 
67 6o3040+00 8.3000+02 6o9156900 107123-01 Io5SO5+03 103725+03 
68 6,3040+00 101300+03 b09283+CG 106310-01 lo55G5+03 le3718+03 
69 6a3040+00 lo4300+03 608652+0C 106099-01 105467+O3 1-3677+03 
70 6-3040t00 fe6000+03 6e92€!3+00 1-6274-01 Io53S1+03 1o3551+03 

71 6.3040+00 1,80CC+03 6,9355+00 lO5644-C1 1-5304+03 103554+03 
72 603O40+00 1o93OO-E.03 6.8086+00 1-6039-01 1o5339+03 1-3491+03 
73 6o3O40+00 2a0458+03 6o733O+OC 105422-01 1o5412+03 1-3461+03 
74 6e3040+00 2013OO.bO3 6c8827+GC lo6O71-01 1o5333+03 1.3585+03 
75 6o3O4O+OO 20200(3+03 6,8241+00 1,5635-01 1o5281+03 1.3479+03 

76 6,3040+00 2,3000+@3 6a7462+OG 104-P84-cil 1.,5224+03 lO3346+O3 
77 7oO140+00 1-0000+03 6 o 9 3 ? 6 + O C  1.4871-Cl lo5590+03 1*37@3+03 
78 7-C140+00 lo0300+03 0,8969+CC ln23P5-C1 € . 5 5 3 @ + 0 3  Lo32’70+03 
79 7*C140+00 1o1300+03 609436+OC 100188-01 1e5555+03 1.2766+03 
80 7oG14O+OO 1o40GC+03 Oo91CZ+OC 8e94QO-02 1o5778+03 1 a 2 5 5 7 + 0 3  
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CALCULATEC RESULTSF 1-INo 1-605 TU3E kP2-INo H E L I C A L  INSERT 

108 109 110 111 114 115 

PIT-A Fpe-r-A TE I TU0 QUAL QPRf 

4 1  106257+03 1e6081+03 lo5800903 1*5624+C3 201872-01. 304966+01 
42 lo5937+O3 lo5826*03 1o5645+03 1o5569+C3 1c1436-01 201341+01 
4 3  1o5849+03 1o5746+03 fo5590+03 105523+03 9-5860-02 1o9560+01 
4 4  105723403 1056244.03 105488903 105434903 1,2554-01 lo9160+01 
45 1o5588+03 P*5490+03 1o5348+03 1o5334+C3 201035-01 1o8938+01 

5 1  l0842o+03  107986+03 10?335+03 1-6910+03 6,9855-01 9,0873t01 
52 1,8461+03 108016+03 l07352+03  lO6984+O3 8,2453-01 9,3574+01 
53  1,8473+03 lo8023+03 1073336.03 1,6995+03 9,7404-01 904310+01 
54 Lo8414+U3 1.7978+03 Lo?23O+O3 1*6899+C3 1oC219+OO 9*1727+01 
55 P08410+03 10?971+03 107240+03 106889+03 l,C276+00 902250+01 

66 106091+03 105949+03 105657403 205580+C3 105679-01 2,8122+01 
67  106358403 lo6134+03 1o5780+03 1a5522+03 208460-01 405454+01 
68  106693+03 106403403 1o5960+03 1o55.05+03 400949-01 5o9761+01 
6 9  106990+03 ]106625*03 1o6120+03 105483+03 503396-01 705231+01 
70 107189+03 106773*03 1o6180+03 105370+03 Sol6C8-01 8,7094301 

7 1  107376*03 1.6924+03 106335*03 105369+03 7eC359-01 9,4823+01 
72 lc7584a03 1.78?9+03 1o6425+03 105329+03 705781-01 100444+02 
73  107759+03 107227903 1o652O+O3 105398+03 802597-01 lo0907+02 
7 4  1-7779+03 1o7243+03 1 *6520+03 105318+03 802120-01 1- 1260902 
7 5  fo7876+03 1o7318+03 106560+03 1,5276+03 8-7165-01 1.1625+02 
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CALCULATED RESULTS9 l - f N -  L-605 TUBE W/2-IN-  H E L I C A L  INSERT 

119  1 2 3  178 17'3 1.50 1 8 8  

ssc C T K A S C  L S C V  P E - N A  PE-K RE-Kt 

46 7s2267+00 3e4108+00  3,37C0+01 l e 1 9 6 4 a C 3  102621+02  3 - 3 2 6 6 + 0 4  
4 7  7 , 3 5 1 4 + 0 0  3,4535SOO 3 o 6 7 0 0 + C f  Po2E15+C3 1 ,3C32+(32  3 , 3 6 3 2 9 0 4  
40 6e8306+00 3 - 2 1 0 9 + 0 0  4 o 3 2 C O + O l  1o212O+O3 1o3326+02 303591+04 
4 9  7 , 3 0 2 8 + 0 0  304631+CO 4 e 3 1 C O 9 C 1  102@66+C3 1 ,3933+02 3a§C13+04  
50  7 ,214?+00  3 8 4 1 0 0 + 0 0  3065C0+01  1 ,2091+03 lLo3549s02 3 - 4 3 2 5 3 0 4  

5 1  7o782O+OO 3 ,6156+00  7 o 5 O C O + O O  1o246O+O3 l o  3318+02 3 0 3 2 3 8 + 0 4  
5 2  7 , 8 8 3 3 + 0 0  3 ,6526+60  7970CQ+00 h02503+C3 1 ,13S l+O2 2 , 9 0 3 2 4 0 4  
53 7 0 3 4 3 1 9 0 0  3 - 4 0 9 8 + 0 0  7 c . 7 O G O + O G  Lo2478+C3 9 , 6 3 2 6 9 0 1  2 ,4878*04 
5 4  7,0338+130 3 - 2 0 0 3 + 0 0  8020GO+00 1 e 2 4 8 8 + 0 3  8o77C5+01 2 0 2 9 1 8 + 0 4  
5 5  7 , 2 2 0 3 + 0 0  3 * 3 5 0 5 + 0 0  R020CO+GG 1.24739C3 8 0 7 2 7 8 9 0 1  2 , 2 8 8 4 + 0 4  

6 1  6,G363+00 2,8387+00 3,77CC+Ol l W 2 0 8 i + C 3  7,6787+OP 2 , 0 4 7 8 + 0 4  
6 2  5 , 6 4 1 3 + 0 0  2 ,6399+00  4,31CO+Ol l o 2 P 4 2 + C 3  70Cl .C2+01 1e8735+04 
63 6 , 4 8 4 9 + 0 0  3-0667+00 f o 8 0 C 0 + 0 1  1o2082+O3 7 - 3 3 5 2 + 0 1  1 * 9 6 8 5 + 0 4  
6 4  6 , 2 3 2 3 + 0 0  2m9904+00 lc.37CC+Ol Pef970+03 6 , 5 2 9 4 + 0 1  10?569+04  
65 6 , 5 8 9 6 9 0 0  3,C977+00 9 , 7 O C C + C C  l C , 2 2 2 8 + C 3  6 ,7?14+01 1 ,8366+04 

7 1  8 ,8098+00  4 ,1C34+00 F,COCO+00 1 ,2217+G3 l o l 8 7 6 + C 2  3-  1644+04 
7 2  9 e 5 3 3 3 + 0 0  4.m5151*OO 7o4000+00 Le2056+03 l021 '30+02 3 0 2 4 7 7 + 0 4  
73 9,5653+00 4 , 5 7 2 4 + 0 0  9 e 7 0 C Q + 0 0  10 !.97R+C3 l o  1753+02 30 1 3 3 2 9 0 4  
74  9 0 5 7 8 9 + ~ ~  4 = 4 7 a 3 + 0 0  L ~ O C L I + C ' C  ~ 2 2 5 1  +c3  ~ . 2 3 2 2 + : 2  302!,$a+a4 
7 5  9 0 7 7 4 2 + 0 0  4 , 6 0 4 4 + 0 0  9,7OCO+00 1-2176+03 1949+02  3 ,1712+04 

7 6  9 - 8 1 2 9 + 0 0  4*6650+0G 9cOOCO+OC 1 * 2 1 0 7 + 0 3  1a1260+02  2 -9986+G4 
77 6 ,C235+00  2 , 8 3 3 5 0 0 0  2.8OGO+Cl l , i 8 5 5 + C 3  1 , 1 0 6 4 9 0 2  2 ,9822+04  
78 5 ,8378+0C ?,7044+00 3 . 2 7 C O + C 1  € <  175H+C3 8r';013+CL 2,4611+04 
7 9  5 o 9 0 7 5 + 0 0  2,7778tCO 2037C0901 l o t 8 4 P + G 3  7 o 2 6 1 5 + C l  20@421+04  
8 0  5o8185+00  207433"OO f ? e 7 O C O + C C  l o  XF344+C3 60355C.+O1 1 - 8 0 4 3 + 0 4  
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CALCULATEC RESULTSI 1 - X N e  L-605 TUBE WIZ- IN ,  HELICAL I N S E R T  

190 191 192 193 194 197 

"A XBW DTO f DTUB I DTCE OTOBAA 

41 3.9978+03 4.8504+03 2,5640+02 3.1584+01 6.3300+01 4,7442+01 
42 4oOO21+O3 4.7914+03 2o1030+02 2e1131+01 3o68CO+O1 2o8965+OI 
43 309993+03 4.7736+03 1*9880*02 1.8645+01 3*2600+01 2o5623+01. 
44 4,0306+03 4.7453+03 2.4120+02 1.6399+01 2.8900+01 2,2649+01 
45 4oO342+O3 4.7111+03 3.4390+02 1.6660+01 2o54CO+Ol 2e1030+01 

5 1  3,9670+03 5.3027+03 3*0290+02 6*8716+01 1*5160+02 1*0986+02 
52 3o9?14*O3 5.3097+03 3o438O+O2 7o0053+01 10477O+OZ 1*0888+02 
53 3,9670+03 5*3089+03 3.7170+02 7*2410+01 1*4780+02 la1010+02 
54 3o9?18+O3 5.2894+03 3e8940+02 7*8060+Cl 1o5150+02 Lo1478+02 
55 3o9698+O3 5*2901+03 3o974O+O2 7,6450+01 lo5210+02 1*1428+02 

56 3*9684+03 5*2754+03 401620+02 908483+01 1o7380+02 1*3614+02 
57 309664+03 5.2112+03 4.5130+02 1.4652+02 lo8580+O2 106616+OZ 
58 3a9544+03 5*1651+03 4*8300+02 1-8835+02 ?o87CO+O1 '1o3353+OZ 
59 3*9598+03 5*1404+03 5*0830+02 2e1305+02 7099CO+Ol 1o4648+02 
60 4-0483+03 5.0239+03 4*8510+02 5*4798+C1 fo407O+OZ 9-7749+01 

61 3*9740+03 5.1050+03 3.2540+02 2.4939+01 3071co+Ol 3*1019+01 
62 30983O+O3 5.1082+03 3*3090+02 2*3440+01 3 o b F C O + O 1  2o9770+01 
63 3o9538+O3 5o1714+03 3.7220+02 304467+C1 5,9000+01 4.6733+01 
64 3o9174+03 5.2323+03 4.0990+02 4*4390+01 8003G0+01 602345+01 
65 3o9548+03 5*2284+03 4.2520+02 505398+01 9.11GO+Ol 7*3249+01 

66 4*0152+03 4*81?0+03 2.0460+02 2*8194+C1 5011C0+01 3-9647+01 
67 4oOO46+03 4.8604+03 2.4090+02 308742+(31 8046C0+01 6,1671+01 
68 400031t03 4*9244+03 206850+02 4.7764+01 lo1880+O2 8.3282+01 
69 3*9824+03 4*9812+03 2o948O+O2 5.4253+01 1o5O?O+O2 1*0248+02 
70 309956+03 5.0134+03 3.2220+02 6*3337+01 lo8190+02 1o2262+02 

71 309961+03 S.0558+03 3e3700+02 6.3004+01 20C070+02 1*3185+02 
72 309596+03 5*0928+03 3*5880+02 609915+C1 202550+02 1*4771+02 
73 3,9373+03 5.1253+03 3.7600+02 7.5272+01 2.3610+02 1.5569+02 
74 309785+03 5*12?7+03 3*6580+02 7*6778+01 2*4610+02 1*6144+02 
75 309616+03 5.1442+03 308390+02 8.0404+01 2o6000+02 107020+02 

-232- 



C d L C U t A f E O  RESULTSp l-IR- L-605 T U B E  W / 2 - Z N e  H f t I C A L  I N S E R T  

202 2 1 1  2 13 214 2 36 234 

C T C B L I  C B C - A B  LiGE-dCI L O B - L A  HAK-AA H A K - L A  

41 4,5619+01! 805559+(34 1e8035+C3 1*8755+03 leCl84+04 lo3C07+04 
42 2,8245+01 4"481E+C4 105473+03 105868+C3 5,3271+03 508252+C3 
43 2,4976+01 3,5323904 ln3786+03 104143+C3 30?614+03 4,0395+03 
44 2o2062+01 4o0065+04 lo76E9+03 1n8160+03 9,39f7+03 loO891+04 
45 200724+01 4,9345+04 2,3464+03 2038%1+c13 -2,5442904 -204893+L44 

511 1o0451+02 1*7?h4+05 fo0124+03 Ic6949+C3 5,5?C6+03 606957903 
52 loC409+O2 1,8312+05 f06819a03 Xo7592+C3 6,4754a03 40'P934+03 

54 1,1075+02 Pe82G7+O5 1,5863+03 fo6440+03 5,2751903 509722s03 
53 1oC566+O2 108585*05 1-6879+03 lo75899C3 6,57e6+03 ?e8070+03 

55 loC997+02 1o8280+05 1o5956+03 le6622+C3 5o4285+03 602237+03 

56 103260+02 lo6980+05 la2472503 1o28#6+C3 2,7759+6/3 2o9467+U3 
57 1o6538+02 1o5161+05 9o1244+02 901672s02 105339903 1 * 5 4 6 0 + 0 3  
58 1o2565+02 1-4354+05 loC75C+C3 ToP423+C3 2oC6?1+03 2*3316+03 
59 1o35?6+02 1,4333905 907849+02 lo0557+G3 le7394+03 1*99?3+03 
60 9,1097901 L05827+05 lo6f92+03 107374+03 5,825?+03 7072L?+03 

61 3,C618+01 6,6045+04 2,1252+03 2,1571+C3 4,5157+04 6,2244+04 
62 2,9316+01 7,6825+04 2058C6+03 206206+03 -106855+04 -Ie5328+04 
63 4n5640+01 8o?990+04 108828+03 109279+03 1017E8.*04 103812+04 
54 6 o C T S 2 + 0 1  1*1059+05 Io87C1+03 109245303 f e l 3 2 0 + 0 4  lo3659+04 
65 7,1775901 l02838+05 fo7526+03 lo788S+03 7,$0'74+03 806969+03 

66 3,8518+01 6,7080+04 106919+03 lP7415+03 7,4412+03 8 0 5 0 6 0 + 0 3  

68 ?0?961+01 lo5688*05 108837+03 200123+C3 1,2823+04 2,2691+04 
67 5,8716+01 1o2056+05 1.9548+03 2e0532+03 P e f 8 2 5 + 0 4  3e1655+04 

69 9e4405+Of 1,4639905 104285903 1o5507+03 4oC246+03 5o1807+03 
?O 1o1238+02 1,7175905 1o4OC?+O3 1052eZ+C3 3e7850+03 408873+03 
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CALCULATEC RESULTS, l-'ItVe h-005 T U B E  LrL'Z-INc H f L i t A L  I N S E R T  

243 2 70 272 291  292 2 96 

C P - K L  DP-M B O P - 6  EIP-€31 DPB--G TPFH 

76  ?,C329-.02 4,0096+00 2,82?1+01 5 o 0 6 1 0 - ~ C 1  2"2339+01 2"6062+02 
77 504586-02 8,9858-01 30P845901 3 ,5121901 3c2762+00 4*3704+01  
78 3e7474e.02 8,2597--01 3 , 1 2 2 9 ~ 0 1  3,,3707+01 204783+00 404093+01 
79 302004-02 604746-01 3o184540f  3*4667+C1 208218+00 6,7941901 
80  301794-02 5,2084-01 3.4420+0? 307237S01  20t?169+0O ?o2216+01 



CALCULATED RESULTS, 1 - 1 N o  L-605 TUBE UI2-IN- H E L I C A L  I N S E R T  

102 103 1 C4 105 1 C 6  1 C 7  

S I T-A PFLO SFLO SOT-A C A T €  T I M E  

81 7,C140+00 107300+03 6099G6+OG 8,8900-02 1o5348+03 lo2150+03 
82 700f40+00 le9300+C)3 6,9?30+0C 8-4590-62 105285+03 1.1904+03 

84 7,0140+00 201200+03 009264+00 6*E380-02 le5054+03 1-1817+03 
8 3  7o0140+00 2o1000+03 6m9651+OG 800535-02 1o5117+03 1*1902+03 

85 7 ~ 0 1 4 0 + 0 0  2*1300+03 6o9238+00 6,8320-02 1e5010+03 1,1748+03 

86 7e0140+00 2e1550+03 6o9169+OG 9,2350-02 €e481O+O3 1*1689+03 
87 7eC140+00 2o2250+03 6o9SG3+O8 1,0273-01 lo5075+03 1e2083+03 
88 7,0240+00 3*3000+02 6o9003+00 8-9180-02 1*5853+03 1*2481+03 
89 7,C240+00 6e3000+02 6o2335+0C 900940-02 1o547?+O3 Io22?2+03 
90 7o(3240+00 7o3000+02 5,5610+00 9*109U-02 fo5415+03 102392+03 

91  ?*0240+00 803000+02 4e8041+00 8-6900-02 1o5412+03 1-2259+03 
92 7,0240+00 9,3000+02 2.66C6+0C 8,6830-CZ 105133+03 1.2172+03 
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CALCULATED RESULTS1 I-fh', L-605 TUBE W I Z - I N -  H E L I C A L  I N S E R T  

108 109 110 Ill 114 115 

P IT-A PUT-A Ti31 TKO QUAL O P R I  

81 1-6207+03 1,5991+03 1,5620+03 1-5356+(33 5.3637-01 4,4233+01 
82 1.6586+03 1.6259+03 1.5777+03 1 - 5 2 7 5 + 0 3  9.0853-01 6.7979+01 
83 106748+03 1.6382i03 1,5775+03 1,5092t03 1,0854+00 7,6304+01 
84 1a6876+03 1.6557+03 1,55f0+03 1.6018+(33 1,1053+00 6,6012+01 
85 lO6934+03 1.6601+03 1,5630+03 1.4637+03 1.1548+00 6-8811+01 

91 106723t03 1.6280+03 1,5825+03 1-538?+03 802294-01 6a3260+01 
92 106875tO3 1.6151t03 105600+03 1-5127+03 703649-01 5,?138+0L 
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CALCULATED R E S U L T S ,  l - I N e  t - 6 0 5  TUBE W/2-IN* HELICAL INSERT 

119 123 178 179 1 eo 188 

G S C  CTNASC LSCH PE-NA PE-K R E - K L  

8 1  6*C856+00 2-8414+00  8oODCO+OC l o  1953+03 60 1520+OF 107713+04 
82  6 ,4623+00  30f3160+00 8070C0+GC 102033+C3 5 -8329+01  1 0 6 8 8 1 + 0 4  

84 4,9593+00 2-3225+00 6,7OCO+OO 1 0 2 0 5 2 + 0 3  4 ,0479+01  1,3782+04 
8 5  5,2134+00 2.4412900 6070G0+00 1.20649133 4 ,0535+01  1,3411+04 

8 3  6*1523+00 2 -8707+00  7o7OCO+OO 1m2068+03 505524301  1,6010+04 

86 7 ,5322+00  3,5346+00 6.,9OCO+OO 102028+G3 6 ,3264+01 1,8304+04 
87 ?o7709+OO 3o6335+GO 9 ~ O O G O + O O  1*2046+C3 7.13C5+01 2*0447+04  
88  6o4907+OO 3 - 0 5 0 7 + 0 0  802OCO+OG 1o2005+C3 6e4042+01  1*8143+04 
89 6 ,4481+00  3 ,3648+00 9,70CO+OC 100?70+C3 6,3869+01 1,8251+134 
90 6o1948+OO 306250+00 8070019+00 9o6043+02 604238+01 1 ,8244+04  

91 6,1380+00 4.1570+00 l007CO+01 8.3086+02 6 ,C926+01 l e 7 4 C 0 + 0 4  
92 5,9796+00 7 ,3228+00 ia1?CO+01 4.6029+C2 6,C237+01 1.7233+04 
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190 191 152 1 9 3  154 197 

"A H 8W C T O  r DTOB I DTCE DTOBAA 

81 4,0274+03 4 0 8 2 1 8 + 0 3  308410+02 3099st1-(-01 8,51CO+Of 6,2521+01 

83 4,0129+03 4,9083+G3 4,4800+02 6,3571+01 1,6560+02 1,1459+1)2 
84 30999?+03 5089%3+03  4,74CO+02 l0O?02+C2 8058C0+@P 9,6411+01 

8 2  4oG174+03 4o8884+03 403550+02 5-1216+01 1o3110+02 901158+01 

85 3-9981+03 4,9134+03 4,8530+02 9,9541+01 202970+02 1,6462902 

86 3,9974403 4.9335+03 4, ,8080+02 7,0235+01 20C01Q+02 103517+02 
07  4,0086+03 40918G+03 4 ,3830+02  5,9233+C1 lo6990+O2 1,1457*02 
88 309926+03 .4,9062+03 4,@870+02 406651901 L.,C060+02 7,3625+01 
89 308123+03 4,9034+03 4003C0+02 408565+01  1016C0+02 8,2282+01 
90 3,6225+03 409003+03 3o8740+02 4 o 8 2 2 5 4 C l  Lo2350+02 805862401 

91 3o4019+03 4,9114+03 4,0210+02 4096579Cl Lo3360+02 9ef629+Ol 
9 2  2o7354+03 4.9098903 3*9790+C2 5,6423+01 1o7430+02 l o  1561+02 
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81 
82  
83 
84 
85 

86 
87 
88 
89 
90 

91  
92 

C A t C U t A T E D  RESULTS9 l - I N .  L-605 TUBE W / Z - I N *  HELICAL I N S E R T  

202 

CfCBtA 

5oS701+01 
8 499 1 +01 
1*0657+02 
9.0021+01 
1a5565+02 

1,2404+02 
100502+02 
7,0204+01 
7 7450+0 1 
8 e0049+O 1 

2 1 1  

C/A-AB 

8-1813+04 
1o3305+05 
1 4991+O5 
1,2893+05 
1 3430+O5 

1 5954+05 
1- 5?02+05 
1 - 1367+05 
1 o 20 6 1 +O5 
1-1988+05 

1 266O+O5 
1- 1481+05 

2 13 214 230 2 34 

U O 8 - R A  UOR-LA HAK-AR HAK-LA 
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CALCULATE0 RESULTS9 f-ItVo L-605 TUBE WI2- INe  H E L I C A L  INSERT 

243 2 70 272 291 232 296 

C P - K l  OP-M BOP-G B I P - 6 1  CPB-G TPFH 
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APPENDIX D 

C a l c u l a t i o n  P r o c e d u r e s  Used i n  Appendix C 

( E v a l u a t i o n  o f  300 KW Data) 
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APPENDIX D - 

CALCULATIONAL PROCEDURES USED I N  THE EVALUATION OF 300 KW DATA 

The c a l c u l a t i o n a l  procedures  fo l lowing  a r e  those  employed t o  o b t a i n  

t h e  b o i l i n g  hea t  t r a n s f e r  and p res su re  drop parameters  presented  i n  

Table C-4 of Appendix C of t h i s  r epor t .  

is t h e  s a m e  as t h a t  for Table C-4 of Appendix C. 

The nomenclature employed h e r e i n  

Sketch (a)  below i l l u s t r a t e s  t he  b a s i c  d a t a  obta ined  i n  a t y p i c a l  

run  w i t h  t h e  2-inch p i t c h  h e l i c a l  i n se r t .  

PIT ( 

SOT ( 

Boi l ing  
Region 

1 Subcooled 

1 Region 
Heating 

- -- -__  
I 

TKO 
I n s e r t  

Thermocouples 

LSCH 
I 
I 
I/ A 

Length along B o i l e r  Tube 
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The p t k s s i  im temperature profile in the runs with insert is determined 

directly as shown in the sketch by thermocouples positioned in the insert 

support tube. The sodium temperature profile is determined from the thermo- 

couple positioned on the boiler shell. The temperature at which boiling 

initiates (TBI) and the length of boiler tube is subcooled heating (LSCH) 

are obtained from the potassium temperature profile as shown. 

The heat transferred in. the subcooled heating region (QSC) ..is obtained 

from the potassium temperature change in that region as follows: 

QSC = (SFLO) (WK) (TBI-SIT) (1 1 

The sodium temperature change in the subcooled heating region (DTNASC) 

is obtained from QSC as follows: 

The overall sodium to potassium temperature difference at the beginning 

of the boiling region (DTOBI) and at the end of the boiling region (DTOE) 

are given by Equations (3.) and (4). 

DTOBI = POT + DTNASC - TBI 

DTOE = PIT - TKO 

The sodium and potassium Peclet numbers (PE-NA and PE-K respectively) 

are calculated from equations ( 5 )  and (6) below. 
I 

D (PFLO) CNa 

(ANa) kNa 

Di (SFLO) $ 

eq PE-NA = _____-- 

- PE-K - 
AK kK 
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The sodium flow a r e a  (A ) i s  2.57 square  inches  and t h e  s u p e r f i c i a l  

potassium flow a r e a  (A i s  0.668 square  inches  for t h e  d a t a  t r e a t e d .  . 

T h e  equ iva len t  diameter  of t h e  sodium annulus  iijeqi i s  i .067-incn and 

t h e  b o i l e r  tube i n t e r n a l  diameter (Di) is 0.922-inch. 

Na 

K 

The potassium l i q u i d  Reynold's number (RE-KL) is c a l c u l a t e d  as fo l lows:  

D i  (SFLO) 

Ak p k  
RE-KL = 

The sodium hea t  t r a n s f e r  c o e f f i c i e n t  is  computed from Equation (8) 

below, which was obtained exper imenta l ly  from l i q u i d - l i q u i d  runs  as d i s -  

c u s s e d  i n  t h e  300 KW Data Evaluat ion s e c t i o n  of t h i s  r e p o r t .  

rl 

(8 1 h = 0.6744 ( Dsi 1 O S 3  [ 5  + 0.025 
0 

N a  

The sodium hea t  t r a n s f e r  c o e f f i c i e n t  based upon the  i n n e r  a r e a  of 

t h e  b o i l e r  tube (H-NA) i s  obtained from h and the  r a t i o  of b o i l e r  

tube  OD t o  I D  (Do/Di) as fo l lows :  

Na 

(Do/Di) (9 1 hNa  
H-NA = 

The hea t  t r a n s f e r  c o e f f i c i e n t  of t h e  b o i l e r  tube wa l l  based upon 

t h e  i n n e r  a r e a  of t h e  b o i l e r  tube (H-BW) is  obta ined  from t h e  wa l l  

thermal  conduc t iv i ty  (k as fo l lows:  
W 
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The heat transfer area in boiling (AB) based upon the tube ID is 

calculated from the total heat transfer length (91.45-inches for these 

tests) and LSCH as follows: 

(.922) (91.45 - LSCH) 
- 

144 *B - (11) 

The average boiling heat flux (Q/A - AB) is given by Equation (12). 

QPRI - QSC 
Q/A-AB = (12) 

AB 

The arithmetic average (DTOW) and logarithmic average (DTOBLA) 

overall boiling temperature differences are given as follows: 

DTOBI + DTOE 
2.0 DTOBAA = 

DTOE - DTOBI 
DTOE ) DTOBLA = 

loge (- DTQBI 

The overall boiling heat transfer coefficients based upon the 

arithmetic average and logarithmic average boiling temperature dif- 

ferences (UOB-AA and UOB-LA respectively) are given by Equations (15) 

and (16). 

Q/A-AB 
DTOBAA UOB-AA = 

The average potassium heat transfer coefficients based upon the 

arithmetic and logarithmic average boiling temperature differences 

(HAK-AA and HAK-LA respectively) are obtained as follows: 
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1 -1 

-1 - -  l )  
1 

( UOB-LA H- NA H-BW 
- -  1 

HAK-LA = (18) 

The b o i l e r  i n l e t  p re s su re  t abu la t ed  i n  Table A-2 of Appendix A (BIP-C) 

has been c o r r e c t e d  t o  t h e  beginning of t h e  hea t  t r a n s f e r  r eg ion  f o r  t h e  

p r e s s u r e  drop due t o  t h e  head of l i q u i d  potassium above t h e  p re s su re  

gage diaphragm. An a d d i t i o n a l  c o r r e c t i o n  f o r  l i q u i d  potassium head i n  

t h e  subcooled hea t ing  reg ion  is appl ied  t o  obta in  t h e  p r e s s u r e  a t  b o i l i n g  

i n i t i a t i o n  (BIP-BI) a s  fol lows.  The small f r i c t i o n a l  p re s su re  drop i n  

t h e  l i q u i d  potassium region  i s  ignored. 

(LSCH) 
BIP-BI = BIP-C - 4 K L  - 

1728 
(19) 

The t o t a l  two-phase p re s su re  drop i n  t h e  b o i l i n g  r eg ion  (DPB-G) i s  

c a l c u l a t e d  a s  fo l lows:  

DPB-G = (BIP-BI) - (BOP) (20 1 

The two-phase momentum pressure  drop (DP-M) is  c a l c u l a t e d  from 

Equat ion 26 of r e f e r e n c e  (&6), using a s l i p  r a t i o  of 1 .0 .  The equat ion  

employed i s  given fo l lowing ,  where G-K i s  t h e  potassium mass v e l o c i t y  a s  

t a b u l a t e d  i n  Table I of t h i s  r epor t .  

The t o t a l  b o i l i n g  f r i c t i o n a l  pressure  drop (DPB-F) can now be obta ined  

as f o l l o w s ,  where t h e  s m a l l  co r r ec t ion  due t o  two-phase e l e v a t i o n  p res su re  

drop i s  neglec ted .  
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DPB -F = (DPF-G) - (DP-M) (22) 

Single-phase (water) p re s su re  drop d a t a ,  r epor t ed  i n  Reference ( 2 ) ,  

were obtained f o r  t he  b o i l e r  tube  w i t h  2-inch p i t c h  i n s e r t  used i n  

ob ta in ing  t h e  b o i l i n g  potassium d a t a  t a b u l a t e d  i n  t h i s  r e p o r t .  The 

wa te r  p re s su re  drop d a t a  are adequate ly  r ep resen ted  by Equation (23) 

fo l lowing  : 
1.587 

NRe 
a P w  = 0,02132 (1000) 

A procedure f o r  c a l c u l a t i n g  l i q u i d  potassium p res su re  drop from the  

measured water r e s u l t s  i s  presented  i n  Reference (2) .  F igure  B of 

Reference (2) gives  t h e  r a t i o  of l i q u i d  potassium p res su re  drop t o  

water  p re s su re  drop (.r ) as a f u n c t i o n  of average potassium tempera- 

t u r e .  This  r a t i o  and the  equat ion  f o r  t h e  measured b o i l e r  tube  can be 

KL 

w P 

AP 

used t o  c a l c u l a t e  t h e  l i q u i d  potassium p res su re  drop f o r  t h e  e n t i r e  

b o i l e r  tube  l e n g t h  inc luding  both t h e  hea ted  and unheated l e n g t h s .  The 

tota.1 tube  length  i s  105.15-inches i n  t h e s e  tests,  and t h e  hea ted  l e n g t h  

i s  91.45-inches. The l i q u i d  potassium p res su re  drop ac ross  t h e  b o i l i n g  

reg ion  (DP-KL) is  t h e r e f o r e  obta ined  as fo l lows:  

1.587 
1 (24) 

RE-KL 
0.02132 (- 

1000 
(91.45-LSCH) DP-KL = 

105.15 

The experimental  two-phase f r i c t i o n a l  p r e s s u r e  drop m u l t i p l i e r s  a r e  

f i n a l l y  obtained as fo l lows:  

DPB-F 
TPFM = - DP-ICLP 
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APPENDIX E 

100 KW Data 
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TABLE E-1 

L 

100 KW Loop Instrumentation 

I 
1 

T 

-251- 



Col I 
No, 

236 

- 

a37 
a74 
a t ,  290 
288 -3 7 0 
370 , 387 
396-414 
423-504 
5 13-5 3 1 
540 
547-617 
624-659 
666-687 
694 
708,715 
774 
780 
784 
802 
805 
816 
823 
825 
828 
1010-1066 
1067 
1068 

1073 
1074 
1076 

Heading 

mm 
TI= 
T K F M  
TPB IN 
PBC N 
TPBOUT 
TSTART 
TWO N 
TTSOUT 
MAGNET 
CND N 
PBRADS 
TSRADS 
TSTART 
TSRADS 
QN PB 
QN TS 
Q/A TS 
FLOW 
G 
X PB 
X TS 
ENTOUT 
VELOUT 
TWI N 
DT 31 
H 31 

TWI 32 
DT 32 
H 32 

Table E-1 

100 KW BOILING POTASSIUM DATA 

Description 

(e.g., 8.2740+03 = 8/27/64) 
(e.g., 1.6200+03 = 1620) 

Fluid Temperature at Flowmeter, OF 
Preboiler Inlet Temperature, o°F 
Preboiler Coil Temperature, F 
Preboiler Outlet Well Temperature, OF 
Unheated Starting Length, Temperature, OF 
Test Section Outside Pipe Wall Temperature, OF 
Fluid Temperature at Test Section Outlet, OF 
Flowmeter Magnet Temperature, OF 
Condenser Temperature at N, OF 
Preboiler Radiation, Shield Temperature, OF 
Test Section Radiation Shield Temperature, OF 
Unheated Starting Length Temperature, OF 
Test Section Radiation Shield Temperature, OF 
Net Preboiler Power, KW 
Net Test Section Power, KW 
T/S Heat Flux, Btu/hr-ft2 
Flow Rate, lb/sec 
Mass Velocity, lb/hr-ft2 
Preboiler Exit Quality 
Test Section Exit Quality 
Mixture Enthalpy at T/S Outlet 
Vapor Velocity, f t/sec 
Inside Wall Temperature at N, OF 
(TWI 31) - (TTSOUT) Ave. at 31, OF 

-1 &/A Btu/hr-ft2 OF 
DT 31 
Inside Wall Temperature at 32, OF 
(TWI 32) - TTSOUT) Ave. at 32, OF 

-1 Q/A Btdhr-ft' OF 
DT 32 

. i 25 2. I 



109 KW BCILING P O T 4 S S I U I J  D A T A  

2 36 7 37 274 2 8 2  290  298 

D A T E  T I M E  TK F M  T P B  IN T P E  Xh P B C  5 
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1 0 3  KW ROILING POTASSIUM D A T A  

306 314 322 333 338 340 

PBC 6 PBC 7 PBC 8 PBC 9 PEC li; P B C  11 

1 1.6318+03 le6817+G3 
2 le6719+C3 1.7209+03 

4 1.8137+:3 1.8?84+53 
3 le6881+C3 1.7382+23 

5 i e 8 i z 4 + 0 3  i . a c m + m  
6 1*3134+C3 1*8202+Q3 
7 1*8152+C3 1*8127+Q3 
8 1*6615+03 1*7127+53 
9 1.6566t03 1.7Q?7+03 

1C 1*7254+C3 1*7577+&3 

11 1*3826+03 1.4374+G3 
1 2  1 . 6 5 9 9 + 2 3  le7t323+23 
1 3  1*7647+C3 1*7979+h3 
1 4  1.5339tC3 1.5711+u3 
15 1*66.51+03 1*6472+03 

16 1*7725+C3 1.7635+G3 
17 lm7675+C3 1 . 7 6 6 8 + ~ 3  
18 1.7707+63 i 0 7 6 a 6 + u 3  
19 1*7684+C3 1.7672+03 
20 1.7703tC3 l07714+U3 

2 1  1.7708+[33 1.7728+03 
22 1*7717+C3 1.7717+03 
23 1.7799+63 1.7748+03 

1.8162+33 I o8112+O3 l a  8O63+23 
1 8 18 5 +O 3 1 a 8 13 1+0 3 1 80 80+G 3 
1.8174+@3 108539+r33 le874C+G3 

1.8731+03 1.9092+03 lP834a3+63 
1 8135 +03 1 85  fQ +B 3 1 87 13+O 3 

1*77@5+03 1o7680+03 1.7607+C.3 
1*7733+93 1.7568+03 1-7628+03 
1 * 7 7 5 5 + 3 3  1o7699+03 1 - 7 6 5 1 + i 3  
1 7749+03 1 *7675+f33 1o7639+03 
1*7781+03 1-7697+03 1*7656+03 
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100 Ktd BOILING POTASSIUM D A T A  

354 362 37c 378 387 390 

P d C  1 2  PBC 13  PEC 14 T P B O U T  T P E O U T  T S T A R T  

1 1,8386+fT3 l 0 8 6 4 1 + t 3  
2 ! ,?3?6r I+C3 1,81aRQ+L”,3 
3 L 7 9 3 9 t C 3  1 0 7 9 9 8 + t 3  
4 1*80Q9+23 1o8n76+L3 
5 l e79R5+f3  1.an67+G3 

6 1-8002+03 1*8r?89+63 
7 1o8915+C3 1*8103+03 
8 l O 8 6 1 7 + f 3  1.8852+03 
9 1*8579+C3 1.8821+03 

1.1 118304+C13 1.8358tU3 

1.78f.6+133 f0?937+C3 1 0 7 8 7 9 + t 3  
10?811+03 107940+?3  l07875+03 
107806+33 1 o 7915+C3 l o  7875+C3 
1-8b11+03 1o8?32+33 lo85419f13 
1.8132+33 1,8231+33 fe8196+C‘3 

2 1  1-7593+33 1*7680+03 1*767C+03 1.7385403 1o7511+C3 1*7453+33 
2 2  i 0 7 o 0 8 + c 3  i076a3+03  1*7392+13 1o7497+33 1*7461+03 
23 1o7616+‘23 1 * 7 6 9 5 + ~ 3  1 o 7 399 a33 1 o 75 16+3 3 1 o 7469+C 3 
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103 KW BOILING P O T A S S I U M  D A T A  

405 414 42 3 432 44 1 4 50 

T S T A R T  T S T A R T  TWO 2Q TWO 21 THO 22 TWO 23 

6 1.7773+03 1.7600+03 1,8086+03 1*8104+03 
7 1*7761+C3 1.7594+U3 L*8073+03 1.8093+03 
8 1*7768+03 1.76d4+03 1o8200+03 1*8203+03 
9 1.8453+03 1.8249+03 1*8567+03 1.8568+03 
10 1-85.78+03 1.7913+03 1.8531+03 1*8554+03 

1.8138+U3 
1.8127+83 
1.8230+03 
i.857a+c3 
1 8566+03 

16 1.7327+C3 1.7179+03 1.7693+03 
17 1.7330+C3 1*7187+03 1.7694+03 
18 1.7354+03 1.7297+03 107712+03 
19 1.7334+C3 1.7187+03 1,7687+03 
2G 1.7351+C3 1.7206+03 1.77@7+03 

21 1.7343+03 1.7194+03 1*7695+03 
22 1.7346+53 1.7191+fr3 1.7703+03 
23 1.7356+C3 1.7211+U3 1-7727+03 

1*7682+5;3 
1 7691+63 
1 . 7722+O 3 
1*7694+C3 
1.77 15+O3 

1*77OO+O3 
1.7756+03 
1 77 1O+O3 
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103 K W  ROILING P O T A S S I U M  D A T A  

459 468 477 486 495 504 

TWO 24 TWO 25 TWO 26 TWO 27 TWO 31 TWO 32 

1 1  1o826O+C3 1*8268+03 1o8932+03 lo8246+03 lo82339G3 1.8214+;93 
12 fo827G+C3 108261+U3 109217+03 1o8236+03 1o8219+33 lo82i32+03 
13 1.8261+:3 '109274++J3 1*8217+03 1o8205+03 lo8188+C3 
14 lo7712+c3 1o7749+03 1*7736+03 107713303 
15 lg8633+C3 107765+03 107747+03 

1 o 7658 +O 3 1 e 7663+8 3 1 o 7657+C 3 
1o7669+03 1,7669+03 107661+@3 

1o8464+0? 1.7684+03 1o7689+03 1e7683+33 
108445+93 1*7667+03 1-7680+33 1e7661+t;3 
1o8473+03 1.769G+(33 107688+03 lo7676+C3 

1o8422+O3 1-7671403 1o7675+C3 1e7668+03 
1o843G+d 1*7688+03 107686+O3 l o  7678+i3 
1o8370+@3 1.7697+03 lo7692+03 le7683+C3 
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103 K W  BOILING P O T A S S I U M  D A T A  

513 522 531 549 547 5 5 4  

T T S O U T  TTSOUT TTSOUT MAGNET C N C  37 CND 38 

16 1e7497+C3 1.753r3+03 1*7496+03 6-0041+02 1*7547+03 1*7279+c*3 
17 1*7512+C3 1*7542+03 1.7542+03 6*0908+02 1o7556+03 1-7281+23 
18 107531+63 1.7566+~3 1*7528+33 6-1693+02 1*7577+f3 lo73Gl+C3 
19 1*7513+C3 1s7547+03 1*7501+03 602380+02 lo7559+03 1*7276+C3 
2 0  1.7518+03 1.7558+03 lO752C+O3 6.3167+02 1.7581+03 1.7291+03 

21 1*7526+C3 1*7557+633 1.7521+33 604178+02 1*7581+03 1.728\'9+C3 
22 107533+C3 1.7568+03 1*75313+03 6*5561+c12 1*7596+33 1e7289+03 
23 107535+C3 1.7572+03 1 *7537+333 6,6330+02 1,76!32+03 l07293+53 
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109 KW B O I L I N G  POTASSIUM D A T A  

561 568 575 582 539 596 

CND 39 CND 40 CKD 4 1  CMD 4 2  C N C  43 C N D  44 

11 1m7184+C3 1n5714+03 104725+'33 1*3843+03 1 - 3 1 2 8 9 3 3  Lo2512+53 
12  1*7869+C3 1*7868+U3 1o7661+03 lo6156+03 lo4918+C3 10399G+03 
13  107843+73 1.78421+G3 Lo784C+03 1-6563+93 1053Q5+93 194350+1?3 

15 l07387+"23 1.7391+33 1.7158+03 1*573;2+03 l04596+'33 1.3698+53 
1 4  1073?7+C3 ln7382+C;r3 1*6594+33 1*5258+03 1o4235+03 lo3414+C3 

2 1  1o7398+O3 1o7397+U3 1o7381+33 1*7445+O3 1o7439+93 1*7425+53 
22  1*7423+C3 lo7411+U3 I.o7398+93 1.7462+03 1o7454+03 lo7441+2j3 
23 107423+C3 lo7409+ii3 107395+Q3 1.7481+>3 l07457+C3 l07443+G3 
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103 KW BOILING POTASSIUM D A T A  

6513 610 6 1 7  624  631  6 38 

CMD 45 CND 4 6  ChD 47 P B R A D S  P B R A D S  P B R A C S  

1 l o 2 4 6 3 + c 3  1.1929+;33 1.1508+03 7,8c151+92 8,1229+:?2 7,7189+?,2 
2 l e2718+C3  1.2178+23 lo1719+L33 7.9582+92 8,2759+02 706c64+02  
3 1 0 2 8 1 5 + 9 3  1*2255+i*3  1.1803+33 8*0042+02 803121+32 7065059C2 
4 Lo52r39+C3 1.4263+‘y.3 1-3535+933 8,8893+02 9 ,1447+02 $,5486+62 
5 1e5472+C3 lo4447+03 1-3663+03 8-9356+32 9,1825+32 8,5918+32 

6 106321+63  1 ,5038+03 1o4138+03 9*0907+02 903306+32 807381+(;2 
7 lo7979+C3 1.5621+‘33 1-4591+433 902019+92 9*4309+52 8,84C2+02 
8 l o 3 4 7 0 + C 3  1.2779+03 1.2222033 7.9593+’32 803C31+G2 7,8443962 
9 10321 :5+-3  1.2576+b3 1o206’3+03 7-9426+02 8-2810+02 7,8510+02 

147 1 .3595+03 1*2909+03  1*2366+33 8.1227+32 8.4509+02 707342902 

2 1  1,7:81+’33 1.5544+(23 l O 4 4 8 9 + J 3  9.1332932 9 ,4549+32 8,8578+32 
22 l07430+C3  1.5942+C3 l e 4 7 9 7 + 0 3  9.2351+02 9,4466092 8,92979G2 
2 3  1.7433+’13 1.6487+03 I.o5213+0? 9,2793+02 9,4678932 9*0116+C2 

-260- 



100 K W  B O I L I N G  POTASSIUM D A T A  

645 652 659 666 673 680 

3 P B R A D S  P R R A D S  P B R A D S  TSRADS TSRAOS TSRADS 

6 8e5522+?2 8s7557+22 809171+02 906248932 905502tC2 9 -9229+32  
7 806458+c2  808602+02  geco24+02 9 m a 2 + w  9 , 5 5 0 5 + ~ 2  9 , 9 3 2 4 + ~ 2  
8 7,4561+22 7e5518+32 7,8474+02 1.3315+@3 f 0 0 2 4 5 + 3 3  loC635+c;j3 
9 7.4309+?2 7,5648+b2 7,8859+02 1.0559+23 lOO481+33  1.0782+03 

1’: 7,5144+C2 707521902 8.,5616+02 1*3578+63  lot?5”3L+33 1.0811+63 

I 

9*7124+92 9,6199+C2 9,9342+;2 
9a7266+92 9.6260+02 9o954G+G2 
9e7781+32 9o6777’+02 1 a O 0 0 5 + i 3  
9 e 7 595 +O 2 9 o 6 5 549%: 2 9 o 999 5+*a 2 
907989+‘32 9,6961+;2 loOcf43+~3  
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lU2 K W  ROILING P E I T A S S I U K  D A T A  

687 694 70 a 715 774 73C 

T S R A O S  T S T A R T  T S R A C S  TSRAOS QN PB QN TS 

6 9,7363+C2 
7 9.7363+(1\2 
8 l0,j467+C3 
9 1*;631+@3 
10 1mC656+03 

9.7896+02 9,7799+02 603870tOO 4o8654+GO 
9 8 1 0 9+D 2 9 813 4 2  +3 2 7 o 1 C 66+0 3 4 30 6 8 + L C 
9.891)4+02 9,7900+732 7-4197+00 ft07957+Cc 
1.0(328+03 lo3935+f33 101521+61 4,3812+CC 
1 oOO15+33 1 .m21?+C3 l o  2010+L'1 4,57Ol+GO 
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103 KW BOILING P O T A S S I U M  DATA 

7 8 4  8 0 2  8 9 5  8 16 8 2 3  8 2 5  

Q / A  T S  FLOW G X P B  X T S  ENTOUT 

4 o 4 7 1 0+04 8 9 00 5 3-0 3 
4 0 5 ? 2 3 + 9 4  4,2263-92 
4 0 4 5 3 8 + 0 4  5 0 7 5 6 7 - 0 2  
4 4 1 5 24- 9 4 2 2 C  :: 2- 3 1 
4 , 2 3 1 7 + 0 4  2.5077-01 

1 

3 
4 
5 

6 
7 
8 
9 

l e  

1 1  
12 
1 3  
14  
15 

16 
17 
1 8  
19 
2c 

2 1  
22 
23 

7 L 

3 a C 3O2+ ’34 
2,9775+C4 
5 e 7 1cf8+C4 
5 e 4959+34  
5,6661+r?4 

4o1473+04  2 0 9 5 8 3 - 9 1  
4o1597+04  3 , 2 2 1 7 - * 3 1  
4 0 1 5 7 1 + 6 4  2 .6869-92  
4 ,2188+04  9 .6348-03  
4o1958+04  5 .6605-02  

4 0 4 7 5 3 - 0 1  
407C84-31  
3 e 1 1 9 4 - 0 1  
2 0 9 8 4 3 - 0 1  
3 o 4c71-C 1 

f o 6795+G2 
7 - 8 5 3 9 + C 2  
6 0 6 7 C  19C2 
6,6c588+L2 
6 0 9 2  18+C2 

4 , 1 9 6 7 - 3 2  
3 8 1 7 9 - b z  
3 92.32-L 2 
3 .7541-92 
3,7576-bZ 

5 o 3814+GZ 
6 0 5‘2 33+L 2 
6 * 4 7 1 4 + 3 2  
6 , 2 0 1 3 + , 2  
6 * 3 9 9 5 + C i  

4 , 2 3 2  5+04 1 8448-01  
4 2O88+d4 2 9556-0  1 
4 ,1843+34  2 0 5 5 0 3 - w  
4o1621+G4 2 ,7743-31  
4o1741+O4 3 - 3 7 2 6 - 0 1  

6 o 7 5 4 7 + 3 2  
6 - 9 0 2 9 + ; 2  
7 0 3 2  11+C2 
7 o 5OO6+G 2 
7 , 7 2 4 5 9 0 2  

2 o 9828+C4 
2 o 9892+C4 
3 0  235$3+C4 

3 ,7012-62  
3 - 7 4 3 8 - 0 2  
3 e 6962-5 2 

4.15O9+O4 3 .2293-01  
4 - 1 9 8 6 + 0 4  3 - 3 7 3 0 - 0 1  
4o1453+O4 3 0 6 3 1 6 - 0 1  

40 6970-rJ 1 
4 -  8 2 5 9 - 0  1 
50 1283-31  

7e8Ci98+C;2 
7.9O83+i2 
8 -  1 3 7 8 9 0 2  
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100 KW BOILING PQTASSIUM DATA 

828 1010 1017 1024 1031 1038 

VELOUT T W I  20 f # I  21 TWI 22 TWI  23 TW I  24 

6 3*2645+CL 1.7996+03 1*8014+03 
7 3.4369+01 1.7984+03 1.8005+03 

9 2.0008+C1 1.8404+03 1.8405+03 
8 2*2683+01 1*8r?30+03 1*8033+03 

10 2*2636+01 1*8363+03 1-8386+03 

108O47+03 1 o8O16+G3 
1 80 38+O 3 1 80 12+0 3 
1 8O60+03 1 8O25+G3 
1*8407+03 1*8362+C3 
1 *8397+03 1. 8354+O3 

16 2*9081+Cl 1*7601+03 
17 3.0291+01 1*7604+03 
18 3o4721+O1 1*7620+03 
19 3*6089+C1 1*7594+03 
20 3*9340+01 1.7614+(33 

21 4*0039+C1 1*7606+Cr3 
22 4*1458+01 1*7613+Li3 
23 4*3421+C1 1*7617+03 
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1*7590+03 1.757O+C3 
1,7601+03 1.7576+03 
1-7629+03 1-7593+03 
1*7601+03 1.7581+03 

3 1 *7623+Q3 1 759?+03 

1 761 1+03 1 *7591+G3 
1*7617+633 1*7595+03 
Io762O+@3 1.7609+93 



101 KW BOILING P O T A S S I U M  D A T A  

1045 10 52 1059 1066 1067 1068 

TW? 25 THI 26 TWI 27 TU1 31 DT 31 H 31 

6 1-8057+C3 1*8r?.46+03 1.8016+03 lm8O34+93 8016O8+il3 3*7132+t3 
7 2.3612+03 108Q41+t.3 1.8012+33 1.8031+03 7.24259J3 4*1112+a33 
8 1,8264+?3 1.8.752+~3 1080~38+03 lO8024+Q3 505568+00 leO204+C4 
9 108344+03 1.8346+03 8.3369+00 6,5923+23 

113. 108343+O? 1.8342+03 6o7464+OO 813987+53 

16 
17 
18 
19 
20  

21 
22 
23 

lo7566+03 1.7571+93 6*3438+C3 4e8260+U3 
1*7579+03 1.7579+03 4*6538+CO 6.4(?%35+03 

i08372+tr3 i07592+03 i07597+e3 505833+00 5.5304+03 
1 8353+O3 10 7574+03 l o  7587+O3 60 7 181+3'3 406129+C3 
1o8381+03 1-7597+03 107595+03 603183+C3 408955+03 

1*8334+03 1o7581+03 1*7586+03 5*1487+0g 507933+03 
1.8341+03 1.7595+133 1*7597+03 5-3 3247tOO 5*6138+03 
1.8280+~3 1m761)O+Q3 1o7601+03 5e2838+00 5o7440+03 
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100 KW BOILING P O T A S S I U M  D A T A  

1C73 1074 1075 

TWI  32 DT 32 H 32 

1 1*7986+03 8*3668+00 3*9531+03 
2 1o8005+03 8*1491+08 3*5927+03 
3 1*7979+C3 6*9245+00 4*7081+03 
4 1*8042+03 8*4859+00 305097+03 
5 1*8006+03 6=8926+00 405074+03 

6 1.8023+03 7.0435+00 4,3022+Q3 
7 1*8025+03 6*5902+00 4.5181+03 
8 1o8&1105+03 3.6915+00 1*547C+84 
9 1*8326+63 6*3403+00 8,6682+03 
19 1*8326+C3 5*1118+00 1*1084+04 

11  1*8065+r?3 7.0784+00 7,0338403 
12 1*8\336+C3 5*2896+00 1oC546+04 
13 1*8031+i33 6*1931+9CS 805315+63 
14 1*7549+03 5*2Q71+OO 1*0541+04 
15 1*7583+C3 1*3900+00 3*4523+04 

16 1*7566+63 5.8023+00 5*2764+03 
17 1*7571+03 3*8831+88 707369+03 
18 1*7588+03 4.6861+00 6*5892+03 
19 1o7568+O3 4.7923+UO 6o4667+03 
20 1o7584+C3 5*1614+00 5*9929+03 

2 1 .  1=7579+t3 4*4187+08 6,75#3+03 
22 1*7588+.”,3 4*4754+00 6*6791+03 
23 lO7593+C3 4.4473+00 6,8243+03 
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1 TABLE F-1 NOMENCLATURE FOR CONDENSING HEAT TRANSFER RESULTS FROM THE 
50 KW FACILITY. 

(Tab le  F-2 ) 

Column Symbol I d e n t i f i c a t i o n  

131 DATE (e.g., 7.214 + 03 = 7/21/64) 
132 TIME (e.g., 1.9450 + 03 = 1945) 

1 Fluid Thermocouples 

TC Number 

1 Potassium i n l e t  
2 Potass ium i n l e t  

134 
136 
138 3 

I 
~I 
I 

Potass ium o u t l e t  
140 4 Potass ium o u t l e t  
142 5 Sodium o u t l e t  
144 6 Sodium o u t l e t  
146 7 Sodium o u t l e t  
148 8 Sodium i n l e t  
150 9 Sodium i n l e t  I 152 10 Sodium i n l e t  

Wa 11 Thermocouples I Radius  Wi th in  Tube D i s t a n c e  from Condenser 
TC Number Wall - I n c h e s  I n l e t  - I n c h e s  

11 0 376 7 7/8 
12 0.423 7 7/8 

154 
156 
158 13 0.488 7 7/8 
160 14 0 556 7 7/8 

7 7/8 162 15 
164 16 0.371 28 5/8 
166 17 0.421 28 5/8 
168 18 0.487 28 5/8 
170 19 0.561 28 5/8 

28 5/8 172 20 

I 
I 
R 
1 

----- 

----- 
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Column Symbol I d e n t i f i c a t i o n  

174 
176 
181-219 
221 
223 
226 
229 
230 
235 
237 
238 
240 
243 

246 
247 
251 
306 
317 

319 
324 

326 

354 
365 

367 

372 

374 

450 
451 
452 
453 

TKI 
TKO 
T K N C  
TKICC 
TKOC 
TNAO 
TNAI 
DTNA 
WNA 
TNAM 
C PNA 
QNA 
DTQL 

QC 
Q/AA 
WK 

TWOT* 
HCONT* 

NUCT* 

TwIB* 
Q/AB* 

TwOB* 

HCONB* 

NUCB * 
PSI HD 
PI* 
PO* 
DPC * 

I n l e t  potassium temperature, OF 
O u t l e t  potassium temperature ,  OF 
Correc ted  temperature  of thermocouple N, OF 
Correc ted  i n l e t  potassium temperature ,  OF 
Corrected o u t l e t  potassium temperature ,  OF 
O u t l e t  Sodium temperature, O F  
I n l e t  Sodium temperature, OF 
Sodium temperature  i n c r e a s e ,  OF 
Sodium Flow ra te ,  l b / h r  
Sodium mean temperature ,  OF 
Sodium s p e c i f i c  h e a t ,  Btu/lb-OF 
Sodium h e a t  g a i n ,  Btu/hr  
Temperature Dif fe rence ,  Tes t  S e c t i o n  S h e l l  - 
Ambient, OF 
Condenser load, B t u / h r  
Average heat  f l u x ,  B t u / h r - f t 2  
Potassium flow r a t e ,  l b /h r  
I n n e r  wall temperature a t  t o p  a x i a l  s t a t i o n > ,  OF 
Heat f l u x  a t  i n n e r  wall a t  t o p  a x i a l  
s t a t  ion ,  B tu /h r - f  t2 
Outer wall temperature  a t  t o p  a x i a l  s t a t i o n ,  OF 
Condensing hea t  t r a n s f e r  c o e f f i c i e n t  a t  t o p  
a x i a l  s t a t i o n ,  Btu /hr - f t2  OF 
N u s s e l t l s  condensing r a t i o  a t  t o p  a x i a l  
s t a t i o n ,  d imens ionless  

1 
I 
3 
I 
I 
I 
I 

I n n e r  w a l l  temperature a t  bottom a x i a l  s t a t i o n , O F ,  I 
Heat f l u x  a t  i n n e r  wall a t  bottom a x i a l  
s t a t i o n ,  B t u / h r - f  t2 
O u t e r  wall temperature a t  bottom a x i a l  
s t a t i o n ,  OF 
Condensing heat t r a n s f e r  c o e f f i c i e n t  a t  bottom 
a x i a l  s t a t i o n ,  B t u / h r - f t 2  O F  
N u s s e l t l s  condensing r a t i o  a t  bottom a x i a l  
s t a t  ion ,  d imens ionless  
I n l e t  vapor v e l o c i t y  head, p s i  
I n l e t  potassium vapor press'ure, lb / in2  
O u t l e t  potassium vapor pressure ,  lb / in2  
Condensing p r e s s u r e  drop  

I 

*These v a l u e s  were a l s o  c a l c u l a t e d ,  account ing  f o r  t he  thermocouple 
s t a n d a r d i z a t i o n s  obta ined  i n  t h e  vapor s t a n d a r d i z a t i o n  runs .  The 
Values of t h e  parameters u t i l i z i n g  the  thermocouple s t a n d a r d i z a t i o n  are  
i n d i c a t e d  i n  the columns i n  which the  n o t a t i o n  f o r  t he  above parameters  
are followed by a C ,  e.g., TWITC is t he  I n n e r  Val1 Temperature a t  t o p  
a x i a l  s t a t i o n  u t i l i z i n g  t h e  s t anda rd ized  c o r r e c t i o n  f a c t o r ,  OF. 

1 
I 
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C T .  

Column Symbol I d e n t i f i c a t i o n  E 

504 

E 507 

X B  Potassium Q u a l i t y ,  Bottom S t a t i o n ,  L/D = 46 
W K L  B L o c a l  Potassium l i q u i d  f lowra te  a t  bottom 

X T  
W K L  T Local Potassium l i q u i d  f lowra te  a t  t o p  

NREF T Liquid f i l m  Reynolds number a t  top  s t a t i o n ,  

NREF B 

s t a t i o n ,  lb /hr  
Potassium Q u a l i t y ,  Top S t a t i o n ,  L/D = 13 

s t a t i o n ,  Ib/hr 

L/D = 13 
Liquid f i l m  Reynolds number a t  bottom s t a t i o n ,  
L/D = 46 
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TABLE F-2. 50 KW CONDENSING DATA 
CONDENSING DATA REDUCTION 

131 132 134 136 138 140 

DATE T I M E  TC 1 T C 2  TC3 fC4 

1 7o214O+C3 

2 7,2140+03 

3 7,2140+03 

4 7.2140+03 

5 7,2140+@3 

6 7,2140+03 

7 7.2140+03 

8 7o224O+C3 

9 702240+C3 

10 7e2240+03 

11 7=2240+C3 

1 2  7e2240+03 

13 7,2240+03 

14 7o2240+03 

1 5  7*2240+C3 

16 7.2240+03 

17 7,2240+03 

18 7a224O+O3 

19 7 0 2 2 4 0 + ~ 3  

20 702240+03 

1,9450+03 

1 94S0+03 

1.9450+03 

1,9450+03 

2 0 000 +O 3 

2,OO00+03 

20 OOOQ+03 

2,3400+02 

2,3400+02 

2,3400+02 

2,3400+02 

2 3400+02 

8,4500+02 

8,4500+02 

8,45QO+O2 

8,4500+02 

8e4500+02 

904500+02 

9o4509+02 

9,4500+02 

1.1380+03 

101384403 

l o  1388+03 

101385+03 

1,1337+03 

1o1337+03 

1o1338+O3 

1,1599+03 

1.1597+03 

101596+03 

1o16OG+O3 

1 1599+Q3 

1.2496+03 

1.2491+03 

1 s 249 4+0 3 

l02498+03 

1 249 5+Q3 

1 ,2708+03 

1 o 27Q6+O3 

1 02706+03 

1*1386+03 

le1390+03 

1 1394+03 

1- 1389+O3 

1.1339+03 

1o134O+O3 

1 1340+03 

l e  1606+O3 

1s1605+03 

10 1604+03 

1*1607+03 

l o  16O6+03 

1=2502+03 

1*2496+03 

1*2500+03 

1 o 2503+03 

1*2502+03 

1 2 7 17 +O3 

1,2714+03 

1o2714+03 
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le. 1476+03 

1.1483+03 

1,1487+03 

10 1481+03 

1-1433+03 

1,1433+03 

lo 1436+03 

lo1656+03 

1- 1655+O3 

1,1654+03 

1.1656+03 

101654+03 

1.2506+03 

1.2499+03 

1.2504+03 

1-2506+03 

1 o 2506+03 

1-2745+03 

102744+03 

I o  2743+O3 



21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

CONDENSING DATA REDUCTION 

131 132 134 136 138 140 

DATE TIME T C 1  TC2 TC3 TC4 

102403+03 1e2409+03 

- 1 =2400+03 1"2407+'33 

1o2400+03 1o24O6+03 

Io24OWO3 lo2407303 

1 o 2164+O3 1 a2169+03 

1 o 2 164+O 3 1 o 2 168+O3 

1o2163+03 1-2168903 

I.o2162+03 102168403 

1o2162+03 1*2168+03 

Lo2162+03 le2168403 

103124+03 1 o 3134403 

1o3124+03 1o313S+O3 

1o3121+03 la3131403 

1 o 31 15+O 3 1 - 31 27+03 
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CONDENSING DATA REOUCTION 

142 144 146 148 150 152 

TC5 TC6 TC 7 TC8 TC9 TC 10 

1 1,0937+03 

2 1*0936+Q3 

3 1*0938+03 

4 1,0936+03 

5 1.0894+03 

6 1.0893+03 

7 1*0892+C3 

8 1*1213+03 

9 1*1213+03 

10 101215+fr3 

11 1o1215+C13 

12 1*1218+03 

13 1o2147+03 

14 1*2146+03 

15 102146+03 

16 l0214?+03 

17 1*2146+03 

18 1*2168+03 

19 i02i67+a3 

20 1*2165+03 

1*0933+03 

1*0933+03 

1*0934+03 

1.0934903 

1.0892+03 

1,0892+03 

1,0892+03 

1*1209+03 

1*1210+03 

10  1212+O3 

1*1212+03 

1 121 3+03 

102143+03 

1.2142+03 

1,2141+03 

1*2141+03 

1o2141+03 

1*2158+03 

1 21 5?+03 

1o2156+03 

1 - 0956+O3 
1*0954+03 

1 09 5 5+0 3 

1-0959+03 

1 09 16+0 3 

100916+03 

1 o O 9  16+O3 

1 12 28+O 3 

1*1230+03 

101230+03 

1o1231+O3 

1 123 1+03 

1 o 2 160+03 

1 2 159+03 

1 21 5 9+0 3 

1 215 9+O3 

1 o 21 5 9+03 

1 e 2183+O3 

1 o 2 18 3+O3 

1 o 21 8 2+O3 

1*0?67+03 

1*0768+03 

1.0767+03 

1-0766+03 

10O730903 

1 0729+03 

1 oO?28+03 

1-1082+03 

1 1O83+03 

1-1085+03 

1- 1O86+03 

1*1086+03 

1-2041+03 

1o2041+03 

10204O+O3 

1.2040+03 

1o2039+03 

1- 1948+03 

lo1948+03 

1.1948903 
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1oO759+O3 

l0o?58+03 

100758+03 

1 00759+03 

1 oO721+O3 

1,0720+03 

1 oO719+03 

101074+03 

101075+03 

l01o75+03 

101077+03 

l o  10?7+03 

102031+03 

lo2029+O3 

1 2029+03 

l02029+03 

102028+03 

l01939+03 

1,1939+03 

l o  1938+03 

f00f60+03 

1o0760+03 

l0O?6O+03 

1-0759+03 

1*0?23+03 

1 oO721+O3 

1 *0?19+03 

1010?6+03 

1.1077+03 

1.10?7+03 

lo 10?8+03 

1- 1079+03 

1o2030+03 

1 203090 3 

l o  2030+03 

1*2029+03 

l o  2028+03 

l o  1935403 

l o  1935+O3 

l o  1935+03 



CONDENSING DATA REDUCTION 

142 144 146 148 150 152 

TC 5 TC 6 TC7 TC8 TC9 TC 10 

21 lO1842+C3 

22 :*1E!41+.c3 

23 lo1843+O3 

24 1o1844+C3 

25 1o1626tC3 

26 1o1626+03 

27 1,1626+c3 

28 1o1625+(33 

29 1.1624t03 

30 1o1624+03 

31 lO2523+C3 

32 1o2523+03 

33 1o2519+C3 

34 1o2518+03 

l o  1835+03 

1 0 1835+03 

lo  1836+03 

l o  1837+03 

l o  1621+03 

1o1621+03 

l o  1620+03 

1o162O+O3 

l o  1620+03 

1 o 1619+O3 

102519+03 

1o2517+03 

1 o 2516+03 

1 o 251 5+O3 

'Lo186O+O3 

?,?80!3+0? 

I.o1862+03 

1o1862+03 

1 o 1644+O 3 

1o1644+03 

l o  1644+03 

1a1643+03 

1,1643+03 

1 1643+03 

1 o 2545+0 3 

1 a2543+03 

lo2543+O3 

102542+03 

1.1614+03 

10 1520+03 

1o1623+03 

1.1624+03 

l o  1400+03 

1.1399403 

l o  1398+O3 

10139?+03 

1 o 1396*03 

lO1396+O3 

1o2270+03 

1-2269+03 

1 226890 3 

1 2268 +03 

-277- 

l o  16O4+03 

?o?b?0+03 

l o  1612+03 

1,1613+03 

1 o 139O+O3 

l01389+03 

1o1388+03 

1 138?+03 

lo1386+03 

l o  1386+03 

1o2259+03 

1 o 2259903 

1o2256+03 

l o  2257+03 

1- 1605+03 

?o?511+03 

l o  1613+O3 

1o1613+03 

l o  1388+03 

1o1387+03 

1- 1386903 

1 o 1386+03 

l o  1386+03 

l o  1385+03 

lo2259+03 

1,2258+03 

102259+03 

102257+03 



CONDENSING D A T A  REDUCTION 

154 156 158 160 162 

T C l l  T C 1 2  TC13 TC14 TC15 

1 1.1275+03 

2 101278+03 

3 la128O+03 

4 l01278+03 

5 1.1226+03 

6 101226+03 

7 1o1226+Q3 

8 101500+03 

9 1015OO+O3 

i o  i O i 5 o i + a 3  

11 1o1502+03 

1 2  1o1503+03 

13 102412+03 

14 1o2409+C3 

15  1o2410+C3 

16 1.2412+03 

17 1o2412+C3 

18 1o2574+03 

19 1o2568+03 

20 102567+03 

101208+03 

1.1209+03 

lo1211+03 

1o1211+03 

l o  1160+03 

1 1160+03 

1o1160+03 

101447+03 

lo1447+03 

io i44a+03  

1 1449+03 

lo1450+03 

lo2368+03 

102365+03 

lo2366+03 

1.2368+03 

1 02368+03 

l o  2497+03 

1 2490+03 

10 2490+03 

1o1196+03 

1 11 99+03 

1 12OO+O3 

l o  1200+03 

1 11 5O+O 3 

101150+03 

1.11 50+03 

1o1438+03 

1o1438+03 

1 143?+03 

1 a 144(9+03 

1o1440+03 

1-2357+03 

1 0 235 5+O 3 

1.2356+03 

1o2357+03 

1 235 7+03 

1 248 2+0 3 

1.2476+03 

1 247 5+03 

1 11 10+03 

1 11 1 1 + O 3  

101112+03 

1o1111+03 

l o  1065+03 

l o  1064+03 

l o  1064+03 

101369+03 

1o1370+03 

1o1371+03 

1-1371+03 

1 o 1372+O3 

lo2299+03 

1o2298+03 

1- 2297+03 

1 o 2 3 O O + O 3  

102298+03 

1 2371+03 

1-2368+03 

1*2366+03 

-am- 

00 

00 

00 

00 

o a  

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

164 

TC16 

l o  1335+O3 

l0134O+O 3 

l o  1343+03 

l o  1338903 

l o  1292+03 

l o  1292+03 

1o1292+O3 

1-1542+03 

1o1543+03 

l o  1541003 

1o1542+03 

l o  1542+03 

lo2423+03 

Io2417+03 

1 2421+03 

1o2423+03 

102422903 

Lo2583+03 

1o2579+03 

l o  2579+03 



C O N D E N S I N G  D A T A  REDUCTIO& 

154 156 158 160 

T C l l  T t 1 2  T C 1 3  TC14 

2 1  lo225I+O3 

22 1 0 2 2 4 3 + 2 3  

23 lo2249+C3 

24 1*2249+03 

25 1o2032+C3 

26 lo2032+03 

27 l02O32+03 

28 l02o32+03 

29 1o2O319C3 

30 l02o31+03 

31 1,2982+03 

32 102981+03 

33 1o2980+03 

34 102977+03 

1o2170+O3 

l o  2153+83 

1.2170+03 

1 21  70+03 

l o  1954+03 

1.1954+03 

1- 1953+03 

l019S3+03 

l01952+03 

1 1952+03 

l o  2890+03 

1.2890+03 

1o2887+03 

1e2885+03 

1 o 2 1 5 5+O 3 

10 2 155+0? 

1 o 2 L55+0 3 

1 o 2 155+03 

101940+03 

1 o 1940+03 

1o1939+03 

1*1938+03 

1*1938+03 

1o1938+03 

1 287 1+0 3 

1 o287O+O3 

l02869+03 

l02866+03 

1 e2043+03 

1 o ,2042 *03 

1 o 204490 3 

102045+03 

l o  1826903 

1- 1826+03 

1o1824+03 

l o  1825+03 

l o  1824+03 

1.1824+03 

1o2744+O3 

1.2744+03 

1 2743+03 

1,2740+03 

-279- 

00 

0 .  

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0 ,  

162 164 

TC15 TC16 

l o  2275+03 

1*22?4+03 

1.2276903 

1.2275+03 

l02065+O3 

102066+03 

l e  2065+03 

1*2064+03 

102065+O3 

1 2064+03 

1 . 298O+O3 

1*2979+03 

1.2980+03 

1o298O+O3 



CONDENSING DATA REDUCTiON 

166 168 170 172 

fC17 TC18 TC19 TC20 

1 1.1244+03 

2 101247+03 

3 1.1250+03 

4 1.1246+03 

5 1.1199+03 

6 lo12OO+O3 

7 1o1200+03 

8 1.1470+03 

9 1*1470+03 

10 101470+03 

11 101471+03 

12 i0i470+a3 

13 1-2368+03 

14 1.2364+@3 

15 1o2367+O3 

16 1.2368+03 

17 1o2366+O3 

18 1*2485+03 

19 1.2480+03 

20 1.2480+03 

1.1175+03 

1*1178+03 

1*1179+03 

1.1177+03 

1 113 1+03 

1 11 30+03 

1o1131+03 

1. 1423+03 

1.1422+03 

1.1424+03 

1,1424+03 

1o1425+03 

1.2332403 

102329+03 

1.2330+03 

1,2332+03 

1.2330+03 

l02415+03 

1o2411+03 

1 241 1 +03 

1 1 1 1 Q+O 3 

1 11 13+03 

1 11 1 5+03 

1 o 11 11+03 

1 1069+03 

1*1069+03 

1.1067+03 

1.1365+03 

1. 1365+03 

1 1364+03 

1.1365+03 

1*1366+03 

1*2281+03 

102278+03 

1 o 22 79+O 3 

lo2281+03 

1 o 22 79+O3 

1o2336+O3 

Lo2332+03 

102333+03 

0.  

0 .  

00 

0 .  

0. 

0 .  

0 .  

0 .  

0. 

0 .  

00 

0 .  

0. 

0 .  

0 .  

00 

0. 

0 .  

0 .  

0 .  

-280 

174 176 

TKI TKO 

l o  1383+Q3 

1*1387+03 

1o1391+O3 

1,1387+03 

1o1338+O3 

I o  1339+O3 

1 1339903 

1.1603+03 

1o1601+03 

l o  16OO+O3 

1,1603+03 

1.1602+03 

1 0 2499+03 

l02494+03 

1,2497+03 

1,2500+03 

1 o 2499403 

l02712+03 

l o  2710+03 

1.2710+03 

l o  1477+03 

l01484+03 

l o  1488+03 

l01481+03 

l o  1433+03 

1- 1433+03 

1 1436+03 

l o  1657+03 

l o  1656+03 

1o1654+O3 

l o  1657+03 

1o1655+O3 

1o2507+03 

1o25OO+O3 

1o2504+03 

102507903 

l02506+O3 

1o2746+03 

1o2744+03 

1 0 2744+03 



CONDENSING DATA REDUCTXON 

166 168 170 172 

TC17 TC18 TC19 TC20 

21 102169903 

22 102159+c?3 

23 102169+(33 

24 1o2170+03 

25 101960+03 

26 l01959+03 

27 lo1959+c3 

28 l01958+03 

29 l01958+03 

30 lo1958+03 

31 lo2865+c3 

32 1e2865+C3 

33 1o2866+C3 

34 la2864+03 

1o2091+03 

1=20?2+03 

l a  2093+03 

1 2094+03 

101880+03 

1o1879+03 

l o  1879+03 

1,1877903 

l o  1877+03 

1o1876+03 

1o2789+03 

i0278a+03 

l e  2788+03 

1*2787+03 

102O13+03 

1~2015+03 

1 o 2018+03 

1 e2018+03 

1 180 1+03 

101800+03 

1,1799+03 

1o1799+03 

101799903 

1.1798t03 

1 - 270 2+0 3 
l027o2+03 

lo27OO+O3 

1 270 1+03 

00 

0 .  

00 

0 ,  

00 

00 

00 

00 

0 .  

08 

0 .  

0 ,  

0 .  

00 

-281- 

174 176 

T K I  TKO 

1*2406+03 1-2449+03 

10 240/;+03 2448923  

102403403 

l02404+03 

Lo2166+03 

1 o 2 166+0 3 

l o  2165903 

1 2165+03 

1m2165+03 

1 o 2 165+O3 

1o3129+O3 

l e  3 129+Q3 

1 o 3126903 

103121+03 



CONDENSING DATA R E D U C T I O N  

181 183 185 187 189 191 

TC 1 C  TC2C TC3C TC4C TC5C TC6t 

1 1,1380+03 

2 1,1384+03 

3 1.1388+03 

4 101385+@3 

5 l01337+03 

6 1.1337+03 

7 1,1338+03 

8 1o1599+O3 

9 1o1597+U3 

10 1.1596+03 

11 Io160O+C3 

12 Io1599+O3 

13 lO2496+C3 

14 1o2491+03 

15 1o2494+03 

16 1.2498+03 

17 1,2495+03 

18 1*2708+03 

19 1.2706+03 

20 1-2706+03 

1=1377+03 

1.1382+03 

1-1386+03 

1 o 138 1+U3 

1 *1331+03 

1 1332+03 

1 1332+03 

1*1598+03 

1,1597+03 

1oI.596+03 

1 e 1599+03 

1*1597+03 

1*2493+03 

1,2488+03 

1,2492+03 

1.2495+03 

1 o 2493+03 

1 2708+03 

l02705+03 

1 2706+03 

1 o 1480+03 

J. 148?+Q3 

1o1492+03 

1o1484+O3 

1 o 1436+03 

1 o 1436+03 

101438+03 

1 e 166O+03 

1o1659+O3 

1 o 1657+03 

l o  166G+O3 

l01657+03 

1.2509+03 

1 o 2502+O 3 

1.2506+03 

1-2509+03 

l02508+O3 

1 2747+03 

1o2745+O3 

1- 2745+03 

1.1478+03 IaO953+03 

1.1486+03 ToO952+Q3 

1.1490+03 1,0954+03 

1.1484+03 1o0952+03 

1*1436+03 1-0911+03 

1-1436+03 1oO91O+O3 

1*1438+03 1oO9O8+O3 

1*1658+03 101230+03 

1,1658+03 l o  1230+03 

1 1656+03 

1,1659+03 

1.1657+03 

1.2508 +03 

1.250 1 W 3 

1.2506+03 

1,2509+03 

1 2 508 +03 

1 . 2748 +03 
1,2746+03 

1.2745+03 

-282- 

100952+03 

1-0952+03 

1.0953+03 

1*0953+03 

1-09 11603 

1-091 1+03 

1,091 1903 

1-1228+03 

1 o 1229+O3 



CONOENSING DATA REDUCTION 

181 183 185 187 189 I91 

TC5C TC6C T C l C  T C 2 C  TC3C TC4C 

1o2401+03 

lO2399+C3 

1.2398403 

1,2399+03 

1 o 2 161 +03 

l0216o+03 

1.2160+03 

102159+03 

1.2 160+03 

1o2160+03 

103126903 

l03127+03 

103123*03 

1 o 3119+03 

l o  2451+03 

1 2 4 5 0 9 0  3 

1 o 245O+O3 

1 o 244 8+O 3 

l02234+03 

102234+03 

1 o 22 3 3+O3 

1 o 22 3 3+0 3 

1 22 3 3+0 3 

1 a 22 3 3+0 3 

1 o 3 1 5 8+O 3 

1 o 3 15 9+O 3 

1 3 1  59+0 3 

1,3155+03 

1-2450+03 1o1858+O3 

1 7 / . f . r # L f %  
~ 0 ~ ~ 7 7  wv3 10 1858+03 

1*2448+03 1a1860+03 

1.2448+03 lo 1860+03 

1*2232+03 101643903 

1a2232+03 1o1642*O3 

102231+03 1o1642+03 

1o2231+03 1o1642+O3 

1*2231+03 1o164O+O3 

1o2232+03 1o1641+O3 

1o3157+03 102540+03 

1 31 58 +03 1 a 2539 +O 3 

1 0 3 159+O3 1 o 2536+03 

1-3154+03 192535+03 

-283- 

1o1854+03 

le1854+.03 

lo  1855+03 

lo1856903 

l o  1640+03 

1- 1639+Q3 

1o1639+03 

l o  1639903 

l o  1 6 3 9 ~ 3  

1-1638+03 

1- 2538+03 

102536*03 

1o2535+03 

1a2534+03 



CONDENSING DATA REDUCTION 

193 195 197 199 20 1 203 

TC 7C TC 8C TC9C TClClC TCllf TC12C 

1 l0097o+03 

2 i00968+a3 

3 l0o969+03 

4 1oO973+03 

5 loO930+03 

6 100930+03 

7 100930+03 

8 101242+03 

9 1o1244+03 

10 101244+C3 

11 101245+03 

12 loL245+03 

13 1.2174+03 

14 1o2173+C3 

15 102173+O3 

16 1o2173+O3 

17 1o2173+G3 

18 102197+O3 

19 102197+O3 

20 102196+U3 

1 e 0 7 6 8+03 

10 O767+03 

1 e 0767+03 

1 076 790 3 

1*0730+03 

1 o (?7 29+O3 

100728+03 

1o1082+03 

i0ioa3+03 

1o1084+03 

1 01085+03 

1 o 108 5 + 0 3  

102O39+O? 

1 o 2038+O3 

1o2038+03 

1 o 2038+03 

1 o 2O37+O3 

1- 194?+O3 

1o194'7+03 

l o  1947+03 

l00764+03 

1 ,O764+03 

1.0764+03 

100763+03 

1 0727+03 

1oO725+O3 

1 0723+03 

L o  1 O 8 O m  

l o  1081903 

lo1081903 

1o1082+03 

1.1083903 

1 20 34+03 

102034+03 

1.2034903 

l02o33+03 

1 2032403 

101939+O3 

101939+03 

l01939+03 

-284- 

1,1210+03 

1o1212+O3 

1-1213403 

1*1213+03 

lof162+03 

1- 1163903 

lP1163+03 

lo  1450903 

1- 1449+O 3 

1-1451+03 

Io 1452903 

l o  14536-03 

1 2369+O3 

b o  2366+03 

1 o 2367+O 3 

1-2369+03 

102369903 

i024m+03 

102491403 

1-2491403 



CONDENSING DATA REDUCTION 

193 195 197 199 20 1 20 3 

TC 7C TC8C TC9C TClOC TCllC TCl2C 

1 o 161 3tO3 

10 16 19+0 3 

lo1621t03 

1o162ltO3 

101398+03 

1-139?+03 

1o1397+03 

1,1395+03 

1 o 1395+03 

1 s  1609903 

1-'1615+03 

f o  1617+03 

1-1617403 

1-1392+03 

1o13919O3 

1o1391+03 

101390+03 

1- 1390+03 

1 o 2 171+U3 

l o  217t+c 3 

1 2 17 1+03 

1-2171+03 

1o1956+03 

1- 1956+03 

1- 1955903 

l e  1955+Q3 

l o  1954403 

30 101657+C3 1o1396+03 1o1394+03 1-1389+03 102033+03 1o1954+03 I 

I 
31 1*2559+C3 102270903 1o2268+03 1-2263+03 1o2983+03 102890+03 

32 102557+03 1*2269+03 102267+03 102262+03 102982+03 1*2890+03 

33 lo2557+U3 102268+03 1,2265+03 1-2263+03 102981+03 lO2888+O3 

34 1*2556+03 1o2268+03 Lo2266+03 102261+03 102978+03 1o2885+03 

-285- 



CONOENSING DATA REDUCTION 

205 207 209 

TC13C TC 14C T C l S C  

1 lO12O3+(a3 

2 1.1206+03 

3 1.1207+03 

4 1.1207+03 

5 1.1157+03 

6 1o1158+03 

7 101157+03 

8 1-1445+03 

9 1o1445+03 

10 1o1445+03 

11 1.1447+63 

1 2  1.1447+03 

13 1o2363+03 

14 1o2361+O3 

15 Lo2362+03 

16 1o2364+O3 

17 1*2363+03 

18 102488+C3 

19 102482+C3 

20 102481+C3 

1,1106+03 

1.1107+03 

l o  1108+03 

10 1107+03 

1.1061+03 

1 . 1O6O+03 

1.1059+03 

1 1365+03 

1,1366+03 

1.1367+03 

1.1367+03 

1.1368+03 

1.2294+03 

1.2293+03 

1,2292+03 

1-2295+03 

1o2293+03 

1-2365+03 

1.2362+03 

1.2360+03 

0 .  

0 .  

0 .  

0 .  

00 

0. 

0. 

0. 

0 .  

0 .  

0. 

0 .  

0 .  

0. 

0. 

00 

0 .  

0. 

0. 

00 

211 

TC16C 

1-1335+03 

1*1341+03 

1.1344+03 

1.1339+03 

1-1292+03 

1- 1292+03 

1 o 1293403 

1. 1543+03 

1.1544+03 

1 - 1542+O3 

1 1543+03 

1. 1542+03 

1.2422+03 

1.2416+03 

1 242 1 +I93 

1o2422+03 

le2421403 

1.2582+03 

1-2579+03 

1-2578+03 

-286- 

2 1 3  

TC17C 

1,1244*03 

1,1247+03 

I o  1Z5O+O3 

1,1246+03 

1- 1199+03 

1o1200+03 

I o  1ZOO+O3 

1o1471+03 

1,1471+03 

1 o 147 1403 

1o1471+03 

Lo1471+O3 

1,236?+03 

1.2363+03 

102366+03 

1,2367903 

102365+O3 

1.2484+03 

1,2479+03 

lo2479+03 

2 15 

TC18C 

1-1167+03 

1.1170+03 

lo1171+O3 

101169+03 

1-1123+03 

1.1122+03 

l o  1124903 

1- 1415+03 

101414*03 

l o  1416+03 

l01416+03 

1*1417+03 

102323903 

1o2320*03 

1o2321+03 

1o2323+03 

102321003 

1.2406+03 

102402+03 

l02402+03 



CONDENSING DATA REDUCTION 

205 207 209 

TCl3C TC14C TC 1 S t  

1*1819+03 

l o  ].821+03 

1 o 1820+03 

1*1819+03 

1 *2739+03 

1o2739+03 

1o2737+03 

1 o 2734+03 

00 

00 

00 

00 

0 ,  

00 

0 ,  

00 

211 213 215 

TC16C TC17C TClt8C 

l02275+03 

10 2234*=3 

l o  2276+03 

1*2275+03 

1- 2065+O3 

1- 2066+03 

1.2064+03 

1o2064+03 

1-2064+03 

1*2064+03 

1.2979+03 

1o2978+O3 

1e2979+03 

1 o 2979903 

-287- 

102168+03 

IoZ163+03 

1 o 2 169+O3 

1*2170+03 

l o  1960+03 

1.1959+03 

l o  1959+03 

1 o 1958+03 

1 o 1958+03 

l o  1958+03 

1o2864+03 

1o2863+03 

1m2865+03 

1-2863+03 

lo2O83+03 

?02254+C3 

1-2085+03 

10 2086+03 

l o  1872+03 

I o  187O+O3 

lo1870+03 

1- 1869+03 

lO1869+O3 

I o  1868+03 

1o2?79+O3 

1-2778+03 

1.2779+03 

1o2778+03 



CONDENSING DATA REDUCTION 

217 219 2 2 1  223 226 229 

TC19C TCZOC TKICC TKOC TMAO TNA I 

00 

00 

00 

00 

00 

00 

00 

0. 

0. 

00 

00 

0, 

0, 

00 

00 

0, 

00 

0 0  

00 

1,1479+03 

1,1487403 

1.1491 003 

io i4a4+03 

1,1436+03 

1,1436903 

1,1438+03 

1. 1659903 

l o  1658GO3 

l o  1657+03 

1.1659403 

1. 165?+03 

1o2508+03 

lo25O2+O3 

Pe2506+03 

1,2509+03 

1.2508+03 

1,2747903 

1,2746903 

l o  O766+O3 

1 oO766+U3 

l0O766*03 

1oO766+O3 

1o0729+03 

100727+03 

LoO726+03 

fo1081+03 

l o  1082903 

l o  PO83*03 

1o1084*03 

1, fO85*03 

f02038*03 

1,2038903 

102037003 

l o  2037+03 

102O36*03 

l o  1945403 

l o  1945003 

20 1o2345+03 00 102696+03 1o2945+03 lo2184*03 l o  1945+03 

-288- 



CONDENSING DATA R E D U C T I O N  

217 219 

TC19C TC20C 

00 

0. 

00 

00 

PO 

0. 

0 *  

00 

0. 

0. 

00 

00 

00 

0 .  

221 223 226 229 

T K I C C  TKOC TNAO T N A I  

1 2 38 8+O3 

lo2385+Q3 

1 o 238 5+03 

1o2386+03 

182144303 

1 o 2 14 4+0 3 

1o2143+03 

1o2142+03 

1 a 2 1  43+03 

1o2143+03 

1 o 31 16+03 

1o3117+03 

1 o 31 13+O3 

1 o 3108+03 

1o2451+03 

?-2450+03  

lo2449+03 

1 2448 +03 

1,2233+03 

1.2233+03 

1o2232+03 

fo2232+03 

1.2232+03 

1 - 2233+03 

1o3157+03 

1 - 3159+03 

1.3159+03 

1*3154+03 

-289- 

l o  f862+O3 

?01??52+03 

I o  1863+03 

1o1864+03 

l o  1647+03 

1,1646+03 

1 e 1646+03 

l o  1646+O3 

l o  1645+03 

l o  1645+C3 

1o2546+03 

1 2 544+03 

1o2543+03 

1-2542+03 



CONDENSING DATA REDUCTION 

2 36 235 237 238 240 243 

OTMA WNA TNAN CPMA QNA DTQL 

1 1.9211+01 

2 1.9127+01 

3 lo9309+C1 

4 1*9379+01 

5 1*8833+01 

6 1,8917+01 

7 1*8973+C1 

8 1.5183+01 

9 le51SS+C1 

10 1*5225+01 

11 105126+@1 

12 1eS239+O1 

13 1*2852+01 

14 102809+01 

15 1*2795+01 

16 1*2866+Ql 

17 1o2952+01 

18 Ze4148+01 

19 2*4048+01 

20 2*3963+01 

4 e 6 27 1+0 3 

4 * 627 1 +O 3 

4*6271+03 

4,627 1+Q3 

4*5532+03 

4- 5532+03 

4*5532+O3 

4 * 5 1 5 5 + 0 3  

40 5155+03 

4-5155+03 

4e515!5+03 

4,5155+03 

40 4090+03 

4,4090+03 

4-4090+03 

4.4090+03 

4- 4090+03 

4,3635+03 

4.3635+03 

4,3635+03 

1*0862+03 

1*0862+03 

1 * C862+03 

1.(3862+03 

1,082 3+03 

1 O822+O3 

1 08 2 1+0 3 

1 . 11 57+03  

1*1158+03 

1 11 59+03 

Ie116O+O3 

1 11 6 1+0 3 

1 2 10 2+0 3 

1*2102+03 

1 e 2 10 1+0 3 

1,2101+03 

1 211) 1+O3 

1-2066+03 

1eZO65+O3 

1*2064+03 

3*0011-01 2,6677+04 

3-00 11-0 1 2 I 656 1+04 

3 0011-01 2 6814+04 

3* 00 11 -0 1 2.69 1 l+O4 

3,0014-01 2*5737+04 

3-00 14-0 1 2 5 8 5 2+0 4 

3,0014-01 2*5929+04 

31 0000-0 1 2,0568 +04 

300000-01 2,0529+04 

300000-01 2,0625+04 

3 0000-0 1 2 o 0491+O4 

3- 0000-0 1 2 0644+04 

3,0005-01 1e?OO2+O4 

3,000’5-01 1.6946+04 

3*0005-01 1,6927+04 

3- 0005-01 1 7021+O4 

3.0005-01 1e7134+04 

3,0003-01 3e1614+04 

3-0003-01 3,1484+04 

3,0003-01 3,1372+04 

-290- 

1 * 003240 3 

l o 0 0  3 1+O3 

1- 0032+03 

1*0032+03 

9*9928*02 

9 9917+02 

9*9908+O2 

1*0265+03 

1*0265+03 

1*0267+03 

100267+03 

1 ,027 3+03 

1*0923+03 

1 o 0922+03 

1*0926+03 

100926403 

1-0921+03 

1 *0894+Q3 

1*0877+03 

1*0889+03 



CONDENSING DATA REDUCTION 

230 235 237 238 240 243 

0 TNA WNA TMAIJ; cPNa QNA DTQC 

2 1  2,4989+01 4*3227+03 

22 2;43?6+C1 4,322?+03 

23 2,4333+01 4,3227+03 

2 4  2 0 4 3 i ~ + a i  4.3227+03 

25 2-5011+01 4-2801+03 

26 2o5O53+O1 4o2801+03 

27 2,5109+01 4-2801+03 

28 2 , 5 i 5 i + a i  40280i+03 

29 2,5179+01 4,2801+03 

30 2.5207+ai 4-2801+03 

31 2,7852+01 4,3406+03 

32 2,?795+Q1 4,3406+03 

33 2o7738+01 4-3406+03 

34 20?695+O1 4.3406+03 

1*1737+03 

1*??40+03 

1o1742+03 

1-1742+03 

1o1522+03 

1 o 152 1+0 3 

1o1521+03 

1-1520+03 

1 o 152C+03 

1-1519+03 

102406+O3 

1 240 5+0 3 

1 02404+03 

1 2 4 O 3 + 0 3  

3-0000-01 3o24O5+(14 

3~00c0-01 301511+54 

3-0000-01 3o1555+04 

3-0000-01 3-1537+04 

3.0000-01 302115+04 

3oOOO0-01 3.2168+04 

300000-01 3,2241+04 

300000-01 302295+04 

3,0000-01 3o2331+04 

3-0000-01 3-2367+04 

3- 0020-0 1 3 0 6  293+04 

3 0020-0 1 30 6218+04 

3-0020-01 3-6144+04 

3-0020-01 3.6088+04 

-291- 

1-0531t03 

i03556+03 

I oO553+03 

1-05!54+03 

1 -0325+O3 

1 -0354+Q3 

1o0402+03 

1.0353+03 

1,0348+03 

1 . 0339+03 

1,1630+03 

l o  1628+03 

1- 1627+03 

1- 1626+03 



CONOENSING DATA REDUCTION 

246 247 25 1 306 317 319 

QC Q / A A  WK TW3 T U/A T TWO T 

1 209009+a4 

2 2,8892+04 

3 2,9145+04 

4 2,9242904 

5 2a80549G4 

6 2o8168+04 

7 208244904 

8 2o2986+04 

9 2.2949+04 

10 203045904 

11 2029ii+a4 

1 2  203066+04 

13 109676+O4 

14 Io9619+O4 

15 1o9602+(14 

16 1o9696+04 

17 1o9807+C4 

18 304277904 

19 304140+04 

20 3o4033+04 

5,8284+04 

5o8O49+O4 

5 0  a558+04 

5o8?53+04 

5.6365+04 

5,6595+04 

5.6749+04 

406 184+04 

4o6108+O4 

4.6301+04 

4,6033904 

4,6345+04 

3,9533904 

3o9419+04 

3o9384+04 

3,9574+04 

3a9797+04 

6.8870+04 

6,8594+04 

6o8378+04 

3o3137+01 

303006+01 

3 o3298+01 

3 a 340 6+0 1 

3 2025+01 

3 21 56+01 

3 o 2243+O1 

2,6346+01 

Z06302+01 

Z o  641 1 + O 1  

2 o 6 26 090 1 

2 o 643 790 1 

20 288C+Ol 

2 o 28 1290 1 

2.2793+01 

2 a 2904+0 1 

2 o 303 390 1 

4,002I3+01 

3 o 98 58+O 1 

3,9733+01 

101342+03 

l o  1346903 

l a  1347*03 

l o  1346+03 

l o  1290903 

l o  1292+O3 

101292+03 

1,1553903 

1 o 1553403 

lel554+O3 

h-1555+03 

1.1556+03 

102458903 

lO2454+03 

1 ., 2457903 
1.2459+03 

1-2459903 

1a2659+03 

1 .2651+03 

1*2650+03 

-292- 

5 0  4956+O4 

505494404 

505631904 

5 o 5609+04 

5 o 3141904 

5,3559904 

5.3932+04 

4,3791+04 

4o3502+O4 

403700+04 

40 3653+O4 

4,3664+04 

3, a847+04 

3,7939604 

308940904 

3o8?57+04 

3,9050*04 

60 9400904 

6,8639+04 

60 8896+O4 

100966+03 

l00966+03 

100967aQ3 

100966903 

100926903 

100925+03 

lo0923903 

l o  1255+03 

101257903 

l o  1256+03 

l o  1258*03 

l o  1258Q03 

la2200903 

1-2201+03 

l o  2197903 

lo22O1+03 

lo2199+03 

Po2197+03 

Io219S+O3 

1 o 2193903 



21 

22 

2 3  

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

CONDENSING O A T A  REOUCTION 

241 251  

Q / A A  WK 

7.0174+04 

6 .8597+04  

6,8484+04 

60 8447+04 

6o9431+04 

60 9562+04 

609744+04 

6 o 98 15+04 

6 -  9883+04 

6*9949+04 

~ a 8 6 4 + 0 4  

7*8713+04 

7,8563+04 

7-8450+04 

4,055 5+0 1 

3,%43+m 

3 m 9577+0 1 

3 95 5 O+O 1 

3o9974+01 

4 0049+0 1 

4,0153+0 1 

4 C 1 9 4+0 1 

4 02 3 3+0 1 

4,927 1+0 1 

4 ., 6 174+0 1 

4 6 0 8  6+0 1 

4.5997+0 1 

4 592 7+0 1 

30 6 

TU1 T 

1-2337+03 

1.2335+03 

1 2334+03 

1-2333+03 

1.2119+03 

1-2119+03 

1- 2119+03 

1,2118+03 

1 21 18 +03 

1.2118+03 

1 . 308 1 +03 

1- 3O80+03 

1.3078+03 

1-3075+03 

-293- 

317 

Q / A  T 

7,0656+04 

700?88*04 

6,9619+04 

6,932?+04 

6,966?+04 

6.9761+04 

7.0 183+04 

609852404 

6,9989+04 

700 136+O4 

8-2398+04 

8o2165+O4 

8 2 139+04 

802ia9+04 

3 19 

TWO 1 

1-1864+03 

14 f 805+03  

1- 1868+O3 

1- 1869+03 

1- 1650+O 3 

1- 1649+03 

1-1646+03 

1- 1648+03 

1- 1647+03 

l o  1646+O3 

lO2538+O3 

1- 2538+O3 

1 253?+0 3 

102534+03 



CONDENSING DATA REOUCTIOM 

324 326 354 365 367 372 

HCON f NUC T T W I  6 Q / A  B TWCt B HCON B 

1 9,0192+03 

2 a0a566+03 

3 8.5812+03 

4 9.1468+03 

5 70?583+O3 

6 7.9346+03 

7 7-97?1+03 

8 7-1696+03 

9 7.2125+03 

10 7.5348+03 

11 7.2522+03 

12 ?.5536+03 

13 9.2642+03 

14 9-2527+03 

15 9.3242t03 

16 9.0323+03 

17 9.4510+03 

18 101376+04 

19 1.036?+04 

20 lo0314tO4 

2.5184-02 

2.4731-02 

2 396 3-02 

2 o 5542-02 

2.1654-02 

2 . 2 146-02 
2,2265-02 

2.0062-02 

2 0 182-02 

2.1083-02 

2 0 293-02 

2 . 11 36-02 
2.6255-02 

2.6220-02 

2,6424-02 

2.559a-02 

206784-02 

3 o 2 365-02 

2.9492-02 

2.9342-02 

1 o 1417+03 

101422+03 

1.1426+03 

1 142 1+03 

1. 1371+03 

1o1371+03 

lo1374+O3 

1 160 7+0 3 

lo1608+03 

1o1606+03 

l.l607+03 

1 1606+03 

1-2476+03 

1o2469+O’3 

lO2474+O3 

lo2475+03 

1o2475+O3 

1o2674+03 

1-2669+03 

1-2668+03 

7.6814+04 

7.7506+04 

7.8127+04 

?.7603+04 

7.6054+04 

7.5971+04 

7.6806404 

6o0230+04 

6.0578 +04 

6000 17 +O4 

6.0 107 +O 4 

5-9658+04 

4.9018+04 

4.7?50+04 

4.90 17+04 

4,8880+04 

4,9188404 

8 . 61 82 +04 
806108+04 

8 5520+04 

-294- 

1oO891+03 

1,0892403 

1oO891+03 

l o  0890+O3 

100851403 

1 o 085 1+O 3 

i 0084a403 

10119’P+03 

lO1195+O3 

lo 1198+03 

1-1198+03 

1o12OO+O3 

I o  2149+O3 

lo215O+03 

1 o 2 148+O 3 

1 2 150+0 3 

1 o 2 147+O 3 

1 o 2 10 1+0 3 

1 o 2097+O 3 

102099403 

l09195+04 

1 - 8894+O4 
1.8855404 

1 9303+04 

1 8414+04 

lo8297404 

1 8591SO4 

1.5740+04 

l o  658 1+04 

106354+04 

1o5581+04 

1o5856+04 

1o672O+Q4 

1o5963+04 

1o7139+04 

106240+04 

106490904 

1o3314+04 

102860+04 

1,2527404 



CONDENSING DATA REDUCTION 

324 326 354 365 367 372 

HCON T NUC T TWI  8 Q / A  B TWO B HCON 8 

2,5463-02 

2,52?35-@2 

2 0 5020-02 

20 4661-02 

301914-02 

3 -  1996-02 

3-2628-02 

3 s 2340-02 

3,1998-02 

3 s 2 137-02 

4,3663-02 

4 23 83-02 

4 s 3 2 10-02 

4 o 494542 

lo2371+03 

1*2369+03 

1o2369+03 

1-2368+03 

1o2162+03 

1o2164+03 

1 o 21 62+0 3 

1o2161+03 

1,216 1+O3 

1-2162+03 

1-3080+03 

1-3079+03 

1o3O82+03 

1*3O79+03 

9- 1213+04 

9-0223+04 

8s9840+04 

8 9542 +04 

9, 1601+04 

9- 2444+04 

9-2053+04 

9 s  1822+04 

9.2080+04 

9-  2447+04 

9 0  758O+O4 

9-7355+04 

9o8425+04 

9.77 52 +04 

1- 1760+03 

?0??54+0? 

1 o 1767+03 

1 o 1769+03 

1 o 1546+O3 

1 o 1541+03 

l o  1542+03 

lo1543+O3 

l o  1542+03 

1- 1539+O3 

102437+03 

1o2437+03 

102433+03 

1 2435+O3 

1-3217+04 

i-2wa+c4 

10 3O99+04 

1 3064+04 

Lo6654+04 

1o7378+O4 

l o  7071+U4 

1 - 6657+04 
is6a27+04 

1- 6%99+04 

1-3935+04 

1 o 3472+O4 

1 s 4330+04 

1 - 4?14+04 

-295- 



CONDENSING DATA R E D U C T I O N  

374 389 399 40 1 40 6 408 

NUC B T W I  TC Q / A  TC TU0 TC HCCNVC NUC TC 

1.1349+03 

l o  1352+O3 

1.1354403 

1.1353+03 

l o  1297+03 

l01298+03 

1,1299+03 

l o  1560403 

1o1559+03 

l o  1560*03 

l a  1562+03 

1.1562+03 

102443403 

1 2459+03 

lO2462+O3 

1 . 2464+03 
1o2464+03 

1,2663003 

1o2655+03 

l a  2655+03 

5o6708+04 

5,7247+04 

5 o 73 8 3904 

507361+04 

5o4891+O4 

5,5309+04 

505681904 

4oS552+O4 

4,5263404 

4 o 546 1904 

4o5414+04 

4,5425404 

4 o 0 3 74404 

3 o 946 9904 

4oO468+04 

4,02 8 5+04 

4 o 057 7*O4 

7,084 5904 

7 o 00 8 740 4 

7 o 0 34 340 4 

1 I. 0961903 

100960+03 

1 0961403 

l0o961*03 

1 o 0921 +O3 

1 aO919+O3 

1 o 09 17903 

1o1250+03 

1o1251+03 

101251+03 

l o  1252903 

1.1253+03 

1 . 2 194+0 3 
l o  2196903 

1.2192*03 

1.2 195903 

l o  2193*03 

1 2192+03 

1e2189+03 

L o  2187+O3 

-296- 

20 1832+04 

2-0438+04 

109184+04 

2,2406+04 

10629WI4 

L o  70 12+04 

1o7130+04 

l o  1793904 

1 1930+04 

1o2802+04 

I o  1985+OQ 

1 o 2856904 

1 o 3 198404 

10331ICO4 

1 0329S+04 

102761+04 

1o3555+04 

l o  5438904 

I o  37 13+O4 

1 o 3596904 

6.0944-02 

5.7055-02 

5,3556-02 

6 2549-0 2 

40 5473-02 

4 7467-02 

4,7798-02 

3,2938-02 

3.3377-02 

3.58 15-02 

3,3532-02 

30 5969-02 

3,7399-02 

3- 77 15-02 

3 7674- 0 2 

30 6 161-02 

308412-02 

403912-02 

3 o 900 3-0 2 

308465-02 



8 
I 
I 
I 
I 
I 
1 
8 
I 
I 
I 
I 
I 
1 
8 
1 
I 
8 
I 

2 1  

22 

23 

24 

25  

26 

27 

28 

29 

30 

31 

32 

33 

34 

CONOENSING O A T A  REDUCTIO& 

374 389 399 

NUC I3 T H I  TC Q / A  TC 

1 2342+03 

1 . 2 3 4 0 i O  3 

1 2339+03 

1o2339+03 

1*2124+03 

1o2124+03 

Io2124+03 

1 2 124+03 

7 2 1 7 3+ 0 4 

7*1707+04 

70 1139+O4 

7 0 004 '1+04 

70 1236+04 

7*1329+04 

7o1751+04 

7 0  142 1+04 

40 7450-C2 1,2123+03 701558tO4 

4,7653-02 1o2123+03 7*1705+04 

309943-02 1-3085+03 8o3924+04 

308616-02 1-3084+03 8-3691+04 

40 1076-02 Io3O82+03 8e3666+04 

4,2172-02 1o3680+03 8e3715+04 

40 1 40 6 408 

TWO TC HCONTC NUC TC 

1 1859+03 

1- 1863+O3 

1*1863+03 

1- 1864+O3 

I o  1645+O3 

1.1644+03 

1- 1642+03 

l o  1643+03 

1- 1642+03 

1-1641+03 

1 2532+03 

Io2532+03 

1*2531+03 

L o  2528+O3 

1 2 149+04 

1 19f?4+04 

I o  1847+Q4 

1 - 1637+04 
10 8285+04 

108369+04 

1 o 8916+O4 

1o8723+04 

1o8397+04 

1 8513+04 

2 o 0792+O4 

l o  9991+04 

2 O515+O4 

20 1635+04 

3-4369-02 

303901-02 

303514-02 

3-2922-02 

5- 1512-02 

5,175O-02 

50 3287-02 

5 2 74 5-0 2 

501825-02 

5 2 153-02 

5 957 3-0 2 

5,7277-02 

5 o 8776-0 2 

6- 198O-02 

-297- 



CONDENSING D A T A  REDUCTIO& 

424 434 436 440 442 4 50 

T W I  BC Q / A  BC TWO 8t HCONBC NUC 8 C  PSI HD 

1 1.1410+03 

2 1.1416+03 

3 1*1420+03 

4 1.1414+03 

5 1.1365+03 

6 1.1365+03 

7 1.1367+03 

8 lo1600+03 

9 1.1601+03 

10 1m1600+C3 

11 lo1601+03 

12 1-1599+03 

13 1=2468+03 

14 im246i+a3 

15 1.2467+03 

16 1*2468+03 

17 1.2467+03 

18 1-2666+03 

19 1,2662+03 

20 1*2660+03 

7. 3a74+04 

7 456 5+04 

7-  5186+04 

7.4663+04 

7*3117+04 

7.3033+04 

7.3869+04 

5-7274+04 

5*7622+04 

5.7061+04 

5. 7 151+04 

5.6702+04 

4 598 3+04 

4.4717+04 

4,5981+04 

40 5845+04 

4.6152+04 

8=3096+04 

8 -  302 1+04 

8*2434+04 

1 O905+03 

1 .O906+03 

1 -C905+03 

1.0904+03 

1.0864+03 

le0865+03 

1.0861+03 

1 12 11+03 

1.1209+03 

1 121 1+03 

1.1212+03 

1.1214+03 

1.2162+03 

1.2163+0 3 

1 2160+03 

1 .2162+03 

1 21 5 9+0 3 

1 21 13+03 

1 21 10+03 

1.21 12+0 3 

1-8297+04 

1,7982+04 

1.7986+04 

1.8438+04 

1 7534+04 

1 7443+04 

1 . 7743+04 
1.3618+04 

1.4287+04 

1 4 10 1 +04 

1.3481 +04 

1.3697+04 

1.2668+04 

1 -2122+04 

1 . 292 1 +04 
1 2364+04 

1. 2542+04 

1 1750*04 

lol380+04 

1,1098+04 

-298- 

5 -  1114-02 

5 o O 2 39-0 2 

5oO2SO-02 

5.1510-02 

4.8961-02 

4 0 8706-0 2 

4,9546-02 

3 8 1 16-0 2 

3,9989-02 

3.9468-02 

3.7733-02 

3.8338-02 

3 5 903-02 

3.4353-02 

3 66 2 1-0 2 

30 5043-02 

305546-02 

30 3439-02 

3 . 2 385-02 
3.1583-02 

2.891 1-0 1 

2- 8 592-01 

2 9033-0 1 

2.9310-0 1 

2-78 15-0 1 

208043-01 

2 0 8 1 94-0 1 

1.5691-01 

1,5653-01 

105796-OL 

1.5579-01 

1.5805-01 

6 8 4  3 1-02 

6 o 82 18-02 

6,7968-02 

6.8508-02 

609356-02 

1 - 8610-01 
1.8487-01 

1 o 8 366-0 1 



CONDENSING DATA REDUCTION 

424 434 436 440 442 450 

T W I  BC Q / A  BC TWO BC HCONBC NUC BC PSX HD 

80 812O+O4 

8,7131904 

80 6748+04 

8,6451+04 

8o8507+04 

8.9349+04 

8,8959+04 

8o8?28+O4 

8,8986+04 

8,9352+04 

9o4604+O4 

9 4379+04 

9.5448+04 

9.4776+04 

1 1931+04 

1.171?0+04 

l o  1795+O4 

l o  1761+04 

1 5031+04 

1*5658+04 

1.5399+04 

1*5049+04 

1=5198+04 

1*5267+04 

1-2390+04 

1o2007+04 

1o2723+04 

1,3024+04 

-299- 

3.3775-02 202794-01 

303120-02 201805-01 

3o339O-C2 2-1740-01 

30 329242 2 o 1706-0 1 

4.2384-02 2,5541-01 

4 4 149-0 2 2 5 64 1-0 1 

403420-02 2-5787-01 

4.2434-02 205849-01 

4-2854-02 2,5a94-01 

4- 3047-02 2 5946-0 1 

305513-02 1-9725-01 

3 o 44 16-0 2 1 0 9 645-0 1 

306468-02 1-9605-01 

3 o 7 328-0 2 1 * 9 598-0 1 



CONDENSING DATA REDUCTION 

45 1 452 453 610 

PI PO DPC PIC 

1 2,9999+00 

2 3.o091+00 

3 3eO170+00 

4 3oOO82+OO 

5 2o9O77+OO 

6 2o9081+00 

7 2.9086+00 

8 304933+00 

9 3o4897+OO 

10 30487O+OO 

11 3.4954+00 

1 2  3o4923+OO 

13 6,2444+00 

14  602252+0O 

15 6,2388+00 

16  6o2509+OO 

17 6e2436+00 

18 701O87+OO 

19 70a967+oo 

20 7e0985+00 

3e2042+OO -200429-01 

3 0 22OO+OO -2 o 108 8-0 1 

3.2293+00 -201228-01 

3.2139900 -2.0571-01 

3.1O84+00 -2.0070-01 

301089+oo -200073-01 

3.1140+00 -2e0545-01 

3 e 62 6 1 + o O  - 1 327 6-0 1 

3.6245+OO -1 o 3486-0 1 

3,6209+00 -103381-01 

3.6272+00 -1.317 1-01 

3o6214+OO -1.2909-01 

6 275 2 + 0 0 -3 0 0 8 3 2-0 2 

6o2484+OO -2,3180-02 

6o2668+0O -208028-02 

6 o 2 7 6  1 +00 -2 o 5 1 9 6-0 2 

6o2727+OO -2,9112-02 

7o2531+OO -1,4438-01 

7e2447+OO -104808-01 

7*2438+00 -104530-01 

2.9 2 39 *00 

2.9339+00 

2.9411+00 

2 e 9316+00 

2o8321+00 

2 o 832 l+OO 

2e8322+00 

3o445O+OO 

3,4416+00 

3o4388+OO 

3,4473+00 

3,6438900 

6e2112+00 

6e1920+00 

6,2057400 

6*2176+00 

602102+00 

7.0476900 

7,0363+00 

70 O383+OO 

-300- 

611 613 

PUG OPCC 

3 o 2095+00 -2 0 856 1-01 

3 o 22 53+00 -2 o 9 137-0 1 

302346+00 -2,9349-81 

3 o 2 192 900 - 2 o 8 7 6 6-0 1 

3,1137+00 -208164-01 

3o1142000 -208213-01 

30 1193+00 -208710-01 

30632O+OO -108692-01 

3 o 6 304300 1 8 879-0 1 

3 0 6 2 6 7 + ~ o  -1~a793-01 

3 o 6 330400 -.1 o 8 5  7 3-0 1 

3o6273+OO -108345-01 

6 -  2824+0O -70 1216-02 

6 o 2 55 6900 -6 o 3 54 5-0 2 

6 o 2741*OO -6 o 8328-0 2 

602833908 -605661-02 

6o2799+OO -6,9708-02 

7o2605+OO -20 1291-01 

7o2521+00 -2,1588-01 

702512+00 -201294-01 



2 1  

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1  

32 

33 

34 

CONDENSING DATA REDUCTION 

451 

PI 

5*8983+UO 

5,888?+00 

5,88639CO 

5o8895+OO 

5,C728+CO 

5e0721+Q0 

5,07OO+CO 

5 0 ~ 6 8 ~ + ~ o  

5 o 0694+CO 

5oO687+OO 

900678+00 

90 U7Ol+OO 

9 o O 5 22+ CO 

9oO266+CO 

452 4 5 3  610 

PO DPC Pic 

6o0574+00 -1 o 5906-0 1 

6.0534+00 -i06466-01 

6oO51O+OO -106465-01 

6 o 047 8+OO -1 o 5826-0 1 

5.2867+00 -2 1391-0 1 

5,2853+00 -2.1316-01 

5.2824+00 -2-1232-01 

502824+00 -2,1438-01 

5 o 2 83 1+00 -2 0 1373-0 1 

5.2845+00 -2,1586-01 

9,2"384+00 -1 4057-0 1 

9,2140+00 -1.4391-01 

9,2151+00 -1 e 6288-0 1 

9,1917+00 -Po0511-Ol 

5 - 83 18+O0 
5 o 8 245 +OC 

5-8223+00 

5e8254+00 

5 01) 16+00 

5 OOO7+00 

4,998 3+00 

4,9961+00 

4.9974+00 

4-9966+00 

9.0020+00 

9.0044+00 

8.9865+011 

8,9608+00 

-301- 

611 613 

POC DPCC 

6,0644+00 -2-3261-01 

6o0604+00 -2a3589-01 

6,0580+00 -2-3566-01 

6,0548+00 -2.2934-01 

5 e 2935+OO -20 91 94-0 1 

5o2921+00 -2,9138-01 

5+2892+00 -2-9086-01 

5- 2892+00 -2.9306-01 

5*2899+00 -2.9249-01 

5-2913+00 -2-9473-01 

9,2173+00 -2,1536-01 

9*2229+00 -2,1854-01 

9.2240tOO -2,3750-01 

9,2006+00 -2-3981-01 



CONDENSING DATA REDUCTION 

7043 495 70 1 498 504 507 

X B  WKL B X T  WKL T N R E F  T NREF B 

1 3oO754-Ol 202946+01 806606-01 4o4383+OO 2o9276+02 1o5213+03 

2 300763-01 202053+01 806622-01 4a4157+00 209138402 1o5159+03 

3 3043771-01 203052+01 806626-01 4.4532+00 2,9393+02 l05295+03 

4 3oO744-CI 2o3135+01 806597-01 404773+OO 2o9541+O2 1-5344+03 

5 300840-01 2o2148+01 8,6684-01 402644400 2o8046+02 1o4641+03 

6 300841-01 

7 300946-01 

8 2,8297-Gl 

9 208374-01 

10 2,8410-01 

11 2,8286-01 

12 2,8302-01 

13 205330-01 

14 205283-01 

15 2,5288-01 

16 205235-01 

17 2,5320-01 

18 2,6337-01 

19 206366-01. 

20 206322-01 

2 o 2 239+O 1 

2 2265+01 

1 o 8891+O 1 

108839901 

1o8908+01 

108832+01 

1 o 8955+0 1 

1 o 7O85+01 

1 7044+0 1 

1,71329+01 

1 7124+01 

107201+01 

2,9480+01 

2.9349+01 

20 9275+01 

80668 3-0 1 

8 o 6 77 2-0 1 

8 45 3 5-0 1 

8 o 460 1-0 1 

8 o 46 2 9-0 1 

8 o 4 5 2 5-0 1 

8 o 45 3 5-0 1 

8.1922-01 

801880-01 

8,1885-01 

8 183 8-0 1 

8 19 13-0 1 

8 o 279 9-0 1 

8 o 2 8 2 4-0 1 

802787-01 

4.2821 400 

4.2652+00 

4,0743900 

400502+00 

400597+00 

4,0636+00 

4.0884+00 

4.1362+00 

4,1336900 

4, f289+00 

4,1599+00 

4o1658+00 

6,8841+00 

6-8459+00 

6.8394+00 

1 47O1+O3 

1 o4721+O3 

1o2682+O3 

1o2647+03 

fo2693+03 

1-2643+133 

102724403 

1 e 2075403 

102042+03 

1 o 2034+03 

1o21O3+03 

1 o 2156+03 

2o1119+03 

20 1QZ3+03 

2-0969+03 

-302- 



C O N O E N S I N G  DATA REDUCTION 

700 495 70 1 

X B  WKL B X T  

498 

dKL f 

8 o 31 32-0 1 6o8409+OO 

8 - 3 1 2 4 - 0 1  6,6901+00 

803135-01 6o6747+QO 

8 o 308 5-0 1 6 o 690 8 900 

804080-01 6,3637400 

8 o 4076-0 1 6e 3773+00 

8 408 1-01 6,39 19*OO 

8,4106-01 603885+00 

804095-01 603990+00 

8-4117-01 603962900 

8 o 2 554-0 1 8 o 0556+OQ 

8 255 1-0 1 8 0415+OO 

8a2641-01 7-9846+00 

8,2671-01 709587+00 

-303- 

504 

REF T I 

507 

R E F  B 

2*0924+03 

200455+03 

200417+03 

2oO421+O3 

2o0057+03 

2,0095+03 

2 -0 145+03 

200157+03 

200181+03 

2,0193+03 

20 5023+O3 

Z049?9+03 

2-4895+03 

204839+03 



TABLE F-3. NOMENCLATURE FOR CONDENSING HEAT TRANSFER RESULTS FROM THE 
1 
I 50 m FACILITY. 

(Table FedC ) 

Column Symbol I d e n t i f i c a t i o n  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 

131 DATE (e.g. ,  
132 TIME ( e & . ,  

F In i d  The rmo co up l e  s 

134 
136 
138 

801 
140 

142 
144 
146 
148 
150 
152 

TC Number 
1 
2 
3 
4 

48 
5 
6 
7 
8 
9 

10 

Wall Thermocouple s 

154 
156 
158 
160 
162 
164 
166 
168 
170 
172 

TC Number 

11 
1 2  
13 
14 
15 
16 

1 

20 
19 

5 4 7 3 0  + 03 = 5/17/63) 
8.1000 + 02 = 0810) 

Potassium i n l e t  
Potassium i n l e t  
Potassium o u t l e t  
Potassium o u t l e t  
Potassium o u t l e t  
Sodium o u t l e t  
Sodium o u t l e t  
Sodium o u t l e t  
Sodium i n l e t  
Sodium i n l e t  
Sodium i n l e t  

Radius Within Tube 
Wall - Inches 

0 398 
0.449 
0.518 
0.601 
0.698 
0.398 
0,449 
0.518 
0.601 
0.698 

Distance from Condenser 
I n l e t  - Inches* 

18 - 
18 - 
18 - 
18 - 
18 - 
18 + 
18 + 
18 + 
18 + 
18 + 

*Wall thermocouples were bu t t ed  t o g e t h e r  du r ing  t h i s  s e t  of t e s t s  
w i t h  11-15 e n t e r i n g  from the  top and 16-20 from t h e  bottom. 

I 
I 
I 

-305- 



B Column Symbol I d e n t i f i c a t i o n  

TKI 
TKO 

174 
176 
181-219, 804 TKNC 
221 TKIC 6 
223 
226 
229 
230 
235 
237 
238 
240 QNA 
243 DTQL 

246 QC 
Q/AA 
WK 

247 
251 
306 
317 

TKOC 
TNAO 
T N A I  
DTNA 
W NA 
TNAM 
C PNA 

TWOT* 
HCONT" 

319 
324 
326 NUCT* 

354 TWIB" 
365 Q/B* 

367 TWOB * 
372 HCONB* 

374 NUCB * 
PSI HD 
P I *  
PO* 
DPC* 

450 
451 
452 
453 

I n l e t  potassium temperature ,  OF 
O u t l e t  potassium temperature ,  OF 
Correc ted  temperature  of thermocouple N,  OF 
Correc ted  i n l e t  potassium temperature, O F  
Corrected o u t l e t  potassium temperature, OF 
O u t l e t  Sodium temperature, OF 
I n l e t  Sodium temperature ,  OF 
Sodium temperature  i n c r e a s e ,  OF 
Sodium Flow rate,  l b / h r  
Sodium mean temperature ,  OF 
Sodium s p e c i f i c  h e a t ,  Btu/lb-OF 
Sodium heat g a i n ,  Btu/hr  
Temperature Di f f e rence ,  T e s t  S e c t i o n  S h e l l  - 
Ambient, OF 
Condenser load,  B tu /h r  
Average heat f l u x ,  B t u / h r - f t 2  
Potassium flow rate ,  l b / h r  
I n n e r  wall temperature a t  t o p  a x i a l  s t a t i o n ,  OF 
Heat f l u x  a t  i n n e r  w a l l  a t  t o p  a x i a l  
s t a t  ion ,  B t u/hr-  f t 
Outer wall temperature a t  t o p  a x i a l  s t a t i o n ,  OF 
Condensing heat t r a n s f e r  c o e f f i c i e n t  a t  t o p  
a x i a l  s t a t i o n ,  Btu /hr - f t2  OF 
Nusse l tvs  condensing r a t i o  a t  t o p  a x i a l  

I 
I 

I 
I 

s t a t i o n ,  d imens ionless  
Inne r  wall  temperature a t  bottom a x i a l  s t a t ion ,OF  
Heat f l u x  a t  i n n e r  wall a t  bottom a x i a l  
s t a t i o n ,  B t u / h r - f t 2  
Outer  wall temperature a t  bottom a x i a l  
s t a t i o n ,  OF 
Condensing heat t r a n s f e r  c o e f f i c i e n t  a t  bottom 
a x i a l  s t a t i o n ,  B t u / h r - f t 2  O F  
:Tussel t  Is condensing r a t i o  a t  bottom a x i a l  
s t a t i o n ,  d imens ionless  
I n l e t  vapor v e l o c i t y  head, p s i  
I n l e t  potassium vapor press'ure, lb / in2  
O u t l e t  potassium vapor pressure ,  lb / in2  
Condensing p r e s s u r e  drop  

I 
1 
1 
I 
1 
I 
1 

*These va lues  were a l s o  c a l c u l a t e d ,  account ing  f o r  t h e  thermocouple ' 

s t a n d a r d i z a t i o n s  obta ined  i n  the  vapor s t a n d a r d i z a t i o n  runs .  
va lues  of t h e  parameters u t i l i z i n g  the  thermocouple s t a n d a r d i z a t i o n  are 
i n d i c a t e d  i n  the columns i n  which t h e  n o t a t i o n  f o r  the  above parameters 
are followed by a C ,  e.g., TWITC i s  the  I n n e r  Val1 Temperature a t  t o p  
ax ia l  s t a t i o n  u t i l i z i n g  t h e  s t anda rd ized  c o r r e c t i o n  f a c t o r ,  OF 

The 

I 
- 306- 



~~ 

Column Symbol I d e n t i f i c a t i o n  

I 
I 

700 
495 

504 
I 507 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

X B  Potassium Q u a l i t y ,  Bottom S ta t ion ,  L/D = 29 
W K L  B Local Potassium l i q u i d  flowrate at bottom 

X T  Potassium Qua l i ty ,  Top S t a t i o n ,  L/D = 29 
WKL T Local Potassium l i q u i d  f lowra te  a t  top  

NREF T Liquid f i l m  Reynolds number a t  top  s t a t i o n ,  

NREF B 

s t a t i o n ,  l b /h r  

s t a t i o n ,  l b /h r  

Liquid f i l m  Reynolds number a t  bottom s t a t i o n ,  
L/D = 29 

L/D = 29 

-307- 



I 
I 
I 
I 
i 
I 
I 
I 
1 
I 
I 
E 
I 
I 
I 
1 
I 
I 
I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

1 4  

15 

16 

17 

18 

19 

213 

T A B L E  F-4. 50 KW CONDENSING DATA 

C O N D E N S I N G  DATA REDUCTION 

131 132 134 136 138 140 

D A T E  T I M E  T C 1  TC2  TC3 TC4 

50 173O+C3 

5 0  173Q+C3 

50 1730+O3 

5-1730+03 

5 -  173O+C3 

5e1733+C3 

5a173O+C3 

5 0  173O+C3 

5o1731)+C3 

5*173O+C3 

5*1730+C3 

5 0  173O+Q3 

5*1730+O3 

5*1730+03 

l m i 5 i 4 + 0 3  

1*1512+03 

I,o1514+03 

1,1673+03 

l e  1673+G3 

1 o 1672+83 

1*1721+03 

1.0 1723+O3 

1 o 1723+03 

1 o 1775+O3 

1 o 1773+03 

1*1774+03 

1 e 1727+03 

1 1728+03 

io1500+03 

1- 1560+03 

1*1563+03 

1- 1661+O3 

l o  1662+O3 

1- 1661+O3 

l o  171Q+O3 

10 1715+Q3 

1*1714+03 

1,1767+03 

l o  1762+O3 

1 * 1766+03 

1-1715+03 

1- 1718+03 

I *  1419+03 

1 1422+03 

Io1423+03 

1 1576+O3 

l o  1576+O3 

I o  1576+O3 

l o  1624+O3 

1*1624+03 

l o  1626+O3 

1*1673+03 

1*1673+03 

1*1673+33 

L o  1635+O3 

l e  1634+03 

10 :472+=3 

1 147O+O3 

1- 1473+’.)3 

1*1626+C3 

10 1626+03 

1*1626+C3 

1 e 1674+C 3 

1o1674+03 

10 1676+03 

1*1723+03 

10 f721+O3 

1- 1723+63 

1. i684+a3  

1*1683+Q3 

5*1730+03 1 0 O 3 O 1 ) + 8 3  101729+Q3 1*1718+03 1*1634+03 1*1682+03 

5o1730+(?3 1*0450+03 1017O6+O3 1*1694+03 1*1614+03 1*1662+03 

5o1730+03 1a0450+03 1,1706+03 1e1697+03 1*1613+83 1-1662+03 

501730+C3 1*0450+03 lO1707+03 1*1695+03 1*1613+03 lO1662+C3 

5o1730+03 1*1150+03 1,1671+03 1*1661+03 1*1582+03 1-1629+03 

5*173O+C3 1a1150+03 1s1672+01 1o166Z+O3 l a f 5 8 2 + 0 3  1,153C+C3 

-309- 



C O N D E N S I N G  DATA REDUCTION 

131 132 134 136 138 140 

DATE TI ME TC 1 TC2 TC3 TC4 

21 5*1730+C3 1*1150+03 

22 5*1730+03 1*140O+O3 

23 5 0  1730+03 1- 1400+03 

24 501730+Q3 1- 1400+03 

25 5*1730+03 1*2100+03 

26 5*1730+03 1o2100+83 

27 5*1730+03 1.2100+03 

28 5,1730+03 i.3iio+o3 

29 5*173Q+O3 1.3110+03 

30 5- 1730+C3 1*311O+03 

31 5*1730+03 1.4110+03 

32 5*1730+C3 1*4110+03 

33 5.1730+@3 1.4110+03 

1.1668+03 1*1662+03 

1.1675+03 1,1665+03 

1,1674+03 1.1662+03 

1*1672+03 1*1661+03 

1*1718+03 1*1708+03 

1 17 18+03 1- 1706+03 

1*1718+03 1-1708+03 

1*1753+03 1.1?48+03 

1*1755+03 1,1751+03 

1*1?55+03 I *  1753+03 

1 1?82+0? 1*1782+Q3 

1.1?85+03 1*1783+03 

1 1784+03 1*1783+03 

1. 1583+O3 

1*1583+03 

1.1583+03 

1- 1583+O3 

1*1626+03 

1.1626+03 

1 1626+0 3 

1- 1664+O3 

1 . 1664+03 
loL662+C3 

1,1693+03 

1*1693+O3 

10 1693+O3 

1,1629+C3 

1,1630+03 

1.1631+G3 

1.1633+O3 

1.1673+C3 

1*1673+O3 

1.1674+& 3 

lO171O+O3 

1.171C+O3 

1,1710+03 

1*1740+03 

1- 174O+O3 

1*174O+O3 

-310- 



CONDENSING DATA REDUCTION 

142 144 146 148 150 152 

TC 10 TC 5 TC 6 TC7 TC8 TC9 

1 1*1344*Q3 

2 1o1344+(33 

3 1o1346+03 

4 1*1481+C3 

5 1o1481+03 

6 1*1483+C3 

7 1*1509+@3 

8 1*1510+03 

9 1a1510+03 

10 1e1547+03 

11 10154?+C3 

12 lo1547+03 

13 l01489+03 

14 ioi489+e3 

15 1o1488+03 

16 101465+03 

17 1,1465+03 

18 1*1465+03 

19 iei4i9+e3 

20 1*1420+03 

1*1302+03 

101305+G3 

1*1306+03 

1*1439+D3 

1-  1440+O3 

1.1441+03 

1 1467+O3 

10 1468+03 

1 1469+O3 

1- 1507+Cr3 

1*1507+03 

1- 1507+O3 

1 145O+O3 

1*1449+Q3 

1*1448+C13 

1*1426+03 

1*1426+03 

1.1425+03 

1 138O+O3 

1*1380+O3 

151301+-03 

1 130 1+03 

1*1301+03 

1 1439+O3 

1*1439+0? 

la1441+03 

1 1466+03 

1 o 1468+03 

1*1468+03 

1 -  1509+03 

1 151C+O3 

1 1509+O3 

1 e 1452+03 

1*145G+03 

1 1452+03 

10 1428+03 

1,1428+03 

1*1428+0 3 

1,1381+03 

1*1381+03 

I *  !?956+G3 

1*0956+03 

I O958+O3 

1*1148+03 

1*1147+03 

1- 1148+03 

10 1234+03 

1*1233+03 

1.1234+03 

1*1313+O3 

1.1313+03 

1*1313+03 

1- 1244+O3 

1- 1244+O3 

10 1243+03 

1- 1221+r)3 

1*122O+03 

1*1219+03 

1*1203+03 

1*12O3+63 

?*0974+G': 

1*0975+@3 

1*0976+03 

1*1167+03 

1*1167+03 

1*1167+O3 

1*1252+03 

1*1252+03 

1*1252+03 

1*1329+03 

1*1329+Q3 

1*1331+03 

1- 1261+O3 

1- 126O+O3 

1*1259+03 

1*1238+O3 

1*1236+C3 

10 1235+U3 

1.1219+03 

1*1219+O3 

1,0957iG3 

1.0957+03 

1*0958+C3 

1*1150+03 

1.1150+03 

1*1151+03 

1.1233+03 

1o1234+03 

1*1235+@3 

1- 1311+Q3 

1*1311+#3 

1*1311+333 

10 1242+O3 

1*1242+03 

1*1242+03 

1 12 18+O3 

1*1217+C3 

1*1217+03 

1*12OO+C3 

1*1199+U3 

-31 1 - 



CONCENSING DATA REDUCTICN 

142 144 146 148 150 152 

T C 5  TC 6 TC 7 TC8 TC9 TClO 

l o  1381+O3 

l o  1376+O3 

l o  1375+O3 

101376+03 

l o  1423+O3 

le1423+03 

l o  1424CG3 

1,1436+03 

1- 1436+O3 

1.1436+03 

l o  1458+O3 

l o  1458+83 

1- 1458+133 

-312- 



CONDENSING DATA REDUCTION 

154 156 158 

T C l l  T C 1 2  T C l 3  

1 1e1501+03 

2 1e1501+03 

3 1.1503+83 

4 1o1662+C3 

5 1o1663+03 

4 1o1664+O3 

7 lo1712+03 

8 lO1712+Q3 

9 fo1714+C3 

10 1o1764+03 

11 101763+03 

12 101764+03 

13 101712+03 

14 101712+O3 

15 1m1711+03 

16 lo169O+O3 

17 1o169O+G3 

18 1,1689+03 

19 1o1656+03 

21) 1,1656+03 

l e  1429+03 

lo1430+O3 

1o1431+03 

1o1584+03 

le1583+03 

I o  1S85+03 

1*1631+03 

1o1631+03 

1*1631+03 

101680+03 

101681+03 

1 1680+O3 

1.1629+03 

1 0  1626+03 

101626+03 

1o1603+03 

l o  1603+03 

1*1603+03 

1 1568+03 

l o  1567+O3 

1,1435i-03 

1o1436+03 

l o  1437+03 

1o1588+03 

1 - 158 8+0 3 
1o1589+03 

l o  1635+O3 

1o1435+03 

l o  1634+Q3 

10 1682+03 

101682+O3 

1.1681+03 

10 1629+03 

101627+03 

lo1627+03 

1 o 1605+03 

101604+O3 

1,1603+03 

1.1569+03 

l01568+03 

160 162 164 

TCl6 T C 1 4  T C l S  

1- 1378+03 

1.1381+03 

f*1381+03 

l o  1533+O3 

1- 1533+03 

1,1534+03 

l o  1580+Q3 

101581+03 

1.1581+1)3 

1- 1629+03 

1.1631+03 

1 0 1630 + O 3  

101576+03 

101574+O3 

1.1574+03 

1o1551+Q3 

1*1551+03 

1-1551+03 

1,1513+03 

l o  1513+O3 

-313- 

101335tC3 

1,1336+03 

101339+03 

1o1487+03 

l o  1489+O3 

1.1488+03 

1o1534+O3 

1o1533+03 

101534i03 

10 1583+03 

10 1583+03 

1 1582+O3 

10 1526+O3 

101525+03 

101525+03 

lo15O2+03 

1 1502+03 

1o1501+03 

10 1463+03 

1- 1463+03 

l o  ?462+m 

1 1462+U3 

l o  1464+03 

1.1625+03 

1- 1625+O3 

1,1626+03 

10 1676+O3 

1o1677+03 

l o  1677+O3 

1-1727+03 

10 1728+83 

1o1728+03 

10 1679+O3 

101677+03 

Iolb77+03 

10 1656+O3 

1o1656+03 

1o1655+03 

101621+C3 

1,1621+03 



CONDENSING DATA REDUCTION 

154 156 158 160 162 164 

fCll Tt12 TC13 TC14 TC15  TC16 

21 1*1655+03 

22 1o1657+C3 

23 1-1657+C3 

2 4  1*1656+C3 

25 1o1705+C3 

26 lo1705+C3 

27 1.1706+C3 

28 1.1729+C3 

29 101728+C3 

30 101728+G3 

31 1o1754+C3 

32 lo1753+C3 

33 1*1753+C3 

1.1568+03 

1.1568+O3 

1.1570+O3 

1o1570+03 

1*1618+03 

1*1618+c13 

1o1619+63 

101635+03 

101635+C3 

1o1635+03 

1.1658+03 

1.1659+83 

l o  1659+O3 

1*1568+03 

1.1568+03 

1 1560+O3 

1 1568+O3 

1 16 15+0 3 

101616+03 

1.1616+03 

1*1635+03 

1o1634+O3 

1.1634+03 

1 16S6+O3 

1. 1659+O 3 

I. o 165 9+O 3 

-314- 



C O N D E N S I N G  D A T A  R E D U C T I O N  

166 168 170 172 174 80 1 

TC17 TC18 TC19 TC20 TK I TC48 

1 :,1?94+C3 

2 1o1393+C3 

3 le1396+C3 

4 1*1551+C3 

5 1o1551+C3 

6 1*1553+C3 

7 Io1599+O3 

8 1*1600+C3 

9 1e1600+C3 

10 1*1650+C3 

11 1*1650+C3 

12 le1648+C3 

13 1*1597+C3 

14 1*1595+C3 

1 5  1o1595+C3 

16 lo1574aC3 

1 7  1*1573+03 

18 1*1573+C3 

19 I.o1538+C3 

20  101537+@3 

1,1414+03 

1*1415+03 

1.1417+03 

1*1573+O3 

1- 1573+1)3 

1.1574+93 

1*162O+O3 

I o  162r'J+O3 

1*162O+63 

1*1668+O3 

1- 1669+Ct3 

1 1669+O3 

1-1616+03 

1*1615+03 

1*1615+O3 

1-1593+03 

1*1593+03 

1 t 1592+O3 

1 1557+U3 

1*1557+C,3 

1.1335i-23 

1*1336+03 

1o1337+03 

1 15r)4+O3 

1-1505+03 

1 15O6+O3 

1 1553+O3 

1 1554+O3 

1-1554+03 

1 1604+03 

1.1604+03 

1*1603+03 

1 *1549+O3 

1o1547+03 

1*1547+03 

1.1525+03 

1.1524+03 

1*1525+03 

1,1489+03 

l01489+03 

1.132?+1?3 

1- 1327+03 

1*1329+03 

1 1483+O3 

1*1481+03 

1-1481+33 

1*1526+O3 

lt1526+E)3 

1*1526+03 

1 - 1S75+O3 

1- 1576+O3 

1- 1576+O3 

1-1518+03 

1*1518+03 

1.1518+03 

1*1495+03 

1 1496+O3 

1*1494+03 

1,1458+03 

1*1459+O3 

-315- 

1. ? 5 0 ? + 0 3  

1o1506+03 

1*1508+03 

1*1667+Q3 

1*1667+O3 

1 1667+O3 

1 .. 1716+Q3 

1*1719+03 

l o  1718+O3 

1*1771+03 

1*1767+83 

1-1770+03 

1*1721+O3 

1.1723+03 

101724+03 

1.17@O+03 

1,17Ol+O3 

I.o17[?1+O3 

1*1666+O3 

1 1667+O3 

1.145?+03 

1- 1467+33 

1*1467+r?3 

1- 1623+O3 

1*1623+03 

1*1624+63 

1*1672+03 

1- 1672+C3 

101673+03 

1-1721+(33 

1*1719+C3 

1-1721+03 

1*1681+03 

1*1681+C3 

1- 168C+O3 

1- 166O+O3 

1- 1660+03 

1*1668+Q3 

1*1628+C3 

101629+03 



CONDENSING D A T A  REDUCTION 

166 168 170 172 174 801 

TC17 TC 18 TC19 TC2Q TKI T C 4 8  

21 1o1538+C3 

22 1o1538+03 

23 iois39+a3 

24 1o1539+03 

25 i0i586+a3 

26 101585+03 

27 1*1586+03 

28 lo1609+C3 

29 1.1608+03 

30 lo1607+C3 

31 1o1633+03 

32 101634+03 

33 i0i634+a3 

1 1%6+O3 

l o  1557+03 

l o  1557+U3 

101557+03 

1 1604+O3 

l016O3+Q3 

1o1604+#3 

101627+03 

lO1626+O3 

101626+03 

1*1651+03 

l o  1653+03 

l o  1653+83 

1 149O+03 

1,1492+03 

1o1492+03 

1 1492+03 

1 154O+O3 

1-1540+03 

1o1541+03 

1 156 1+03 

1*1561+03 

1*1560+03 

1*1585+03 

1 1585+03 

1-15 8 5+0 3 

101457+03 

1 1459+Q3 

101460+03 

1*1460+03 

l o  1507+03 

101508+O3 

l o  15O8+03 

l o  1526+03 

1o1526+03 

1o1524+03 

1. 1551+03 

10 155O+03 

1o1551+93 

-316- 

l o  1665+03 

1*167O+03 

101668+O3 

10 1667+O3 

1-1713+03 

1,1712+03 

101713+03 

1*1750+03 

1.1753+03 

l o  1754+03 

10 1782+03 

1 1784+03 

1,1783+03 

101629+03 

101629+03 

lO1629+O3 

1,1630+83 

lO1672+O3 

1.1672+@3 

lo1672+et3 

l o  17O9+O3 

L o  1709+03 

101709+C3 

1.1739+@3 

10 1739+03 

lo1739+C43 



CONDENSING D A T A  REDUCTION 

176 181 183 185 187 189 

T K O  T C l C  T C Z C  T C 3 C  TC4C TC 5C 

1 1*1453+t3  

2 1e1453+63 

3 1,1455+03 

4 1*1608+133 

5 101b08+C3 

6 lP16Q9+C3 

7 1*1057+C3 

8 1o1657+C3 

9 1o1658+C3 

10 1.,1705+03 

11 101704+C3 

12 l017O5+C3 

1 3  1.1667+C3 

14 1*1666+C3 

15  lo1665+C3 

16 1o1646+03 

17 1,1645+C3 

18 1,1645+1?3 

19 1*1613+C3 

20 lo’1614+C3 

121565+03 

1,1563+53 

lO1565+O3 

lO1727+O3 

1o1727+Q3 

1*1727+63 

1.1777+03 

1,1779+03 

1 rn 1779+#3 

lO1832+O3 

1.1829+03 

1*1831+03 

1o1783+O3 

1*1783+Q3 

1 o 1784+O3 

lo 1761+03- 

1-1761+03 

1*1762+O3 

1 o 1726+U3 

l o  1727+03 

1 o 1564+tl3 

1 o 1564+O3 

1- 1567+93 

1o1728+03 

1 o 1 7 2  8+0 3 

1 o 17Z8+03 

l o  1778+O3 

1,1783+03 

1-1782+03 

1-1836+03 

1.1831+03 

1o1835+03 

l o  1784+O3 

10 1786+03 

1.1787+03 

1.1762+03 

1. 1 7 6 4 ~ 3 3  

l01763+03 

1.1728+03 

l o  1729+O3 

l O 1 6 O 1 + t \ 3  

l * lbC4+03  

1*16O5+O3 

1*1761+03 

1*1762+03 

1 1762+O3 

101811+Q3 

l e  1811+33 

1*1812+03 

1*1860+03 

1- 186’J+O3 

1*1860+03 

101822+O3 

1*1821+03 

1 o 1821 +03 

1*1301+03 

l018GO+03 

10 18OO+rO3 

1,1767+03 

1 1768+O3 

-317- 

l o  ?520+C3 

l o  1619+03 

1- 1622+C3 

1- 1777+O3 

1- 1777+03 

l o  1778+C3 

1*1825+03 

10 L826+03 

1 1827+t)3 

10 1874+O3 

1o1872+03 

l o  1873+03 

1.1835+03 

1*1834+33 

1, ia34+03 

i 0 i a i 4 + w  

1 1814+O3 

1*1813+O3 

1*1781+03 

l o  1782tC3 

1-1367+33 

1,1367+53 

1o1369+G3 

10 15O4+63 

1.1504+53 

1*1506+C3 

1-1532+03 

1*1533+03 

101533+O3 

1*1570+O3 

1 1 5 70 + Cr 3 

1-1570+03 

1 15 12+6 3 

1 15 12+0 3 

1*1511+03 

l o  1488+c?3 

1o1488+U3 

lo1488+33 

1-1442+63 

1*1443+C3 



CONDENSING D A T A  REDUCTION 

176 181 183  185 187 189 

TKO TC 1c TC 2C TC3C TC4C T C S C  

21 lo1614+03 

22 101614+03 

2 3  101614+03 

24 1.1614+03 

25 1,1657+63 

26  lo1657+03 

27 1,1657+03 

28 1.1695+03 

29 1.1694+03 

30 101694+03 

31 lo1724+C3 

32 1.1724+03 

33 i O i 7 2 4 + a 3  

l o  1723+03 

1.1730+03 

lO1728+O3 

1,1727+03 

1.1773+03 

1.1773+03 

1.1774+03 

1 . 1809+O3 

1.1811+03 

1.181 1 + O 3  

1.1839+03 

lO1841+O3 

l o  1841+O3 

1o1729+03 

101732+03 

101728+03 

1 172 8+0 3 

1 1776+03 

1o1774+03 

101776+O3 

1 18 17+03 

1.182C+03 

1 1822+03 

1 1852+O3 

1.1853+03 

1o1853+03 

1.1769+03 

1.1769+03 

1- 1769+O3 

1.1769+03 

1*1813+03 

1.1813+03 

1.1813+03 

1.1851+03 

1.1851+03 

1.1850+03 

1.1880+03 

1,1880+03 

1.1880+Q3 

l o  1781+O3 

1,1782+03 

1.1782+03 

fo1782+633 

lO1824+O3 

1,1824+03 

lO1825+O3 

1.1861+03 

1.1861+03 

1.1861+03 

1*1890+03 

1.1890+03 

l o  1890+O3 

1- 1443+03 

l o  1437+03 

1.1436+03 

101437+03 

1.1484+O3 

101485+C3 

10 1484+O3 

1.1498+C3 

lO1498+G3 

1.1498+6)3 

l o  1519+O3 

1.152C+G3 

l o  152O+O3 

-318- 



CONOENSING DATA REDUCTION 

191 193 195 197 199 20 1 

TC 6C TC 7C TC8C T C 9 C  TClOC TCllC 

1 e O960+03 

1 a 0 96 2+0 3 

101152+03 

1 -  1152+03 

1o1152+O3 

1 o 1238+03 

1,1238+03 

I o  1238+03 

1.131 7+03 

1 o 1317+03 

1 131 7+0 3 

1,1249+03 

1 1248+O 3 

1 e 1247+03 

1,1225+03 

1 o 1224+03 

101223+03 

1 1208+03 

1,1207+03 

1.0980+03 

1 -O981+O3 

1- 1172+O3 

1-1172+03 

1- 1172+C13 

1*1256+03 

11 1257+03 

1-1256+03 

1*1334+03 

1- 1334+03 

lO1335+f33 

1 1266+03 

1- 1265+O3 

l o  1264+03 

1-1242+03 

Io1241tU3 

1.1240+03 

1- 1224+Q3 

1- 1224+O3 

-319- 

1o@988+O3 

1oO99O+O3 

1 118 1+O3 

1o1182+03 

La1182+03 

l o  1265+O3 

1o1265+Q3 

1.1266+03 

1*1343+O3 

1o1343+03 

101343+03 

l o  1274+O3 

l o  1273+O3 

1*1273+O3 

1a1250+03 

1-1249+03 

l01248+w 

1*1232+03 

l a  1231+03 

1.1501+33 

fo1503+03 

1 o 1662+O3 

1- 1663+C3 

fO1664+C3 

1*1712+03 

1*1712+C3 

1o1714+G3 

101764+G3 

1,1?63+G3 

lO1764+O3 

fo1712+03 

1,1712+§3 

1*1711+03 

1o169O+G3 

lo169O+O3 

1,1689+03 

1- 1656+63 

l o  1656+C3 



CONDENSING DATA REDUCTION 

191 193 195 197 199 201 

TC 6C T C 7 C  TC8C TC9C T C l O C  T C l l C  

2 1  1.1412+03 

22 lo1407+G3 

23 1.1407+03 

24 1.1407+03 

25 1,1454+03 

26 1.1455+03 

27 1.1455+03 

28 101467+[a3 

29 1.1467+03 

30 1*1467+03 

31 1,1489+03 

32 1*1489+03 

33 1,1489+03 

1. l410+03 

1.1406+03 

1. 1406+03 

1.1405+03 

1.1453+03 

Io1453+03 

1.1454+03 

10 1465+03 

1.1465+03 

10 1465+Q3 

1.1488+03 

i014a7+o3 

101488+O3 

1o1207+03 

1*1227+03 

1 . 1226+03 

1*1227+03 

1.1284+03 

1 128 5+0 3 

1 1286+03 

1 e 1291+03 

1 129 1+03 

1 o 129O+O3 

10131G+03 

1o1311+03 

1 . 131 1+03 

1.1223+03 

1.1243+03 

1.1243+03 

1. 1244+O3 

1.1301+03 

1. 1302+03 

L o  1302+03 

101308+03 

1.1306+03 

1.1306+03 

1. 1328+03 

1.1328+03 

1.1329+03 

-320- 

1. 1231+03 

1*1251+03 

1e1251+03 

1*1252+03 

101308+03 

1*1309+03 

10 1309+03 

1*1312+03 

1o1311+03 

1.1311+03 

101332+03 

1o1332+03 

1,1333+03 

1,1655+63 

1,1657+03 

1 . 1657+O3 

l o  1656+03 

1.1705+03 

l01705+C3 

i.1706+03 

1.1729+03 

1.1728+03 

1.1728+03 

1.1754+03 

101753+03 

lO1753+C3 



C O N D E N S I N G  D A T A  REDUCTION 

203 2Q5 207 209 2 1 1  213 

T C 1 2 C  TC13C TC14C TC15C TCl6C T C 1 7 C  

1 1*1439+C3 

2 1*1440+63 

3 1-1442+C3 

4 Io1592+03 

5 1e1591+C3 

6 1o1594+@3 

7 1o1639+C3 

8 1o1639+C3 

9 1o1639+03 

LO le1688+C3 

11 1-1689+03 

12  1*1688+C3 

13 1*1636+03 

1,1369+’13 

lO137r3+33 

l o  1372+03 

1,1522+03 

1,1523+93 

1.1523+03 

1.1569+93 

1- 1568+03 

1,1569+03 

l o  1619+O3 

101619+03 

1.1618+03 

1e1561+03 

1 ,1495+03  

lO1496+f13 

lO1498+O3 

l a  1659+O3 

1 o 1659+O3 

l o  1660933 

l01710+§3 

1o1711+33 

1,1711+03 

101761+.113 

lm1762+C3 

l o  1762+O3 

le1713+C3 

1 , 1 4 3 0 + C 3  

1- 1436+03 

101438+C3 

1.1596+03 

l o  1596+833 

1,1598+03 

1.1645+C3 

1*1645+C3 

1,1645+C3 

l o  1696+03 

1*1696+C3 

l o  1694+G3 

1- 1642+03 

-321- 



CONDENSING D A T A  REOUCTfQN 

203 205 207 209 2 1 1  213 

T C 1 2 C  TC 13C TC 14C TC15C fCl6C T C 1 7 C  

2 1  1*1576+633 

22 1o1577+Q3 

23 1.1579+03 

24 1e1579+03 

25 1*1626+03 

2 6  1*1626+03 

27 1e1627+03 

28 1*1643+C3 

29 1o1643+C3 

30 lo1642+C3 

31 101666+03 

32 1m1667+C3 

33 1*1667+C3 

101572+03 

101573+03 

l o  1573+Q3 

1o1573+03 

1.1619+03 

1 1620+[33 

l o  162O+O3 

1*1638+03 

10 1638+O3 

l e  1637+O3 

le1659+D3 

1 1662+@3 

1*1663+03 

1.1496+03 

1*1499+O3 

l o  15OO+O3 

1- 15OQ+6)3 

1.1548903 

1o1549+O3 

1.1549+Q3 

1- 1565+03 

1- 1565+O3 

1- 1564+O3 

1- 159WQ3 

1*1587+03 

l o  1589+03 

-322- 

l o  1655+O3 

1- 1657+O3 

10 1658+Q3 

l o  1658+03 

I o  17O3+O3 

l o  1703+03 

1017O4+O3 

I o  1731+O3 

101731+C3 

1.1730+03 

1 o 1759+03 

1.1757+03 

1o1757+03 



CONCENSING O A T A  REDUCTION 

215 217 219 804 221 

TCl8C TC 19C TC 2 OC TC48C TKICC 

1 1o1438+03 

2 1-1439+03 

3 1o1441+03 

4 1-1597+03 

5 101597+03 

6 1o1598+03 

7 1-1643+03 

8 1o1644+03 

9 1o1644+03 

10 1o1692+03 

11 1o1693+C3 

12 1*1693+03 

13 1*1640+C3 

14 1-1639+03 

15 1-1638+03 

16 1o1617+03 

17 1-1617+03 

18 lol616+03 

19 1o1581+43 

20 1o1581+03 

1*1380+03 

1o1381+03 

1*1382+03 

1*1551+03 

1-1551+03 

1*1552+03 

1*1600+03 

1 1601+03 

1o1601+03 

1*1652+03 

1,1652+03 

1,1651+03 

1. 1596+O3 

1*1595+03 

1*1595+03 

101572+03 

1 1571+03 

1.1572+03 

1*1536+03 

1o1535+03 

1*1358+03 

1*1358+03 

1*136O+O3 

1.1511+03 

1 15 12+03 

1*1513+03 

1*1558+03 

1.1558+03 

1.1558+03 

1*1607+03 

1*1609+03 

1.1608+03 

1e155G+03 

1 1549+03 

1*1549+03 

1*1527+03 

1*1527+03 

1 15 2 6+0 3 

1 14 8 9+ 0 3 

1.1490+03 

l o  1605+03 

1*1605+03 

l o  1605+03 

1- 1764+03 

l o  1765+03 

1- 1766+03 

1-1814+03 

1-1814+03 

1.1815+03 

1- 1862+03 

1m1861+03 

1-1862+03 

1*1823+Q3 

l o  1823+03 

l o  1822+03 

1-1802+03 

1-1802+03 

1 a 1802+03 

l o  1770+03 

1 1771+03 

-323-  

1-1534+03 

1o1533+03 

1o1536+03 

lo1700+03 

1m1701+03 

1*17O0+03 

1o1751+03 

l o  1754+03 

l o  1754+03 

1*1809+03 

1o1805+03 

1*1808+03 

1*1754+03 

1*1?55+03 

10  1756+03 

101731+03 

1*1733+03 

1.1732+03 

1- 1695+03 

101696+03 



C O N D E N S I N G  O A T A  R E D U C T I O N  

21s 217 219 804 221 

TC 18C TC 19C TCZOC TC48C TK ICC 

21 1o158O*O3 1o1536+03 Lo1488+03 

22 1o1581+C3 lo1538+03 101490+03 

23  1.1581+03 1o1539+03 101492+O3 

2 4  101581+O3 1o1538+03 1o1491+03 

25  101628+O3 1o1587+03 1-1539+03 

26 1o1627+O3 1.1587+03 101540+03 

27 101628+O3 1o1588+03 101540+03 

28 101651+O3 101608+03 1o1557+03 

29  10165O+O3 1o16O8+O3 1o1557+03 

30 101649+63 1-1607+03 1o1556+03 

31 101675+O3 1o1633+03 Lo1583+O3 

32 101677+O3 1o1532+03 1o1582+03 

33 1o1676+03 1o1633+O3 101583+03 

101770+03 

10 1771+03 

1o1771+03 

10 1772+03 

10 1814+03 

10 1814+03 

10 1814+O3 

1-  1851+03 

101851+O3 

1o1851+O3 

101881+O3 

101881+03 

101881+O3 

-324- 

10 1694+03 

1 1699+03 

101697+03 

10 1696+03 

l 0 1 7 4 5 + 0 3  

1.1744+03 

1.1746+03 

1o1783+03 

1.1786+03 

1o1787+03 

10 1816+Q3 

1 1818+03 

10 1817+03 



CONDENSING D A T A  REDUCTION 

223  226 229  230 235 

TKOC T N A O  TNA I DTNA "A 

12 i0ia65+a3 

13 101827+O3 

14 le1826+C3 

15 l01825*c3 

16 1018O6+C3 

17 lo18OS+C3 

18 1*1805+C3 

19 1-1773+03 

ZO 101774+C3 

2 -  1717+O1 3-3138+03 

2*2871+01 3,3532+03 

Zo2829+01 303532+C3 

2-292a+oi 30353z+03 

2 2829+Ol 3 3522+O3 

2*2928+01 3o3522+(33 

2 30 13+O 1 3 o 3522+O3 

1 999090 1 3 o 8439+O3 

2 *O1(33+O1 3 o 8439+03 

-325- 

237 

TNAM 

1,llbC+tt3 

1 o 116O+63 

1.1162+f)3 

Io1325+C3 

lO1325+C3 

1*1326+C3 

1*1381+63 

1*1382+C3 

1-1382+C3 

1- 1440+C3 

1*144C+C3 

1- 144O+C13 

1- 1377+O3 

1*1376+03 

l o  1376+O3 

1*1353+C3 

1-1353+03 

1.1352+C?! 

l o  1321+O3 

lo1321+C3 



C O N D E N S I N G  OATA REOUCTION 

223 225 229 230 235 237 

TKOC TNAO TNA I DTNA WNA TNAM 

21 l o  1773+U3 l o  1422+O3 

22 10 1774+O3 101417+O3 

23 1o1774+03 1.1416+03 

24 1o1774+03 lo1416+03 

25 1o1817+03 1.1464+03 

26 l o  1817+C3 101464+03 

27 1o1817+C3 1.1464+03 

28 lo1855+03 1=1477+03 

29 1.1854+03 1*1477+03 

30 1*1854+Q3 101477+03 

31 1*1884+83 1o1499+03 

32 1o1884+03 1-1499+03 

33 1*1884+C3 1o1499+03 

lo1220+Q3 2.0131+01 

l o  124O+03 1.7645+01 

l o  124O+03 107631+U1 

1 124 1+0 3 1 75 18+01 

1*1298+03 1-6586+01 

1o1299+03 1o6572+01 

1o1299+03 1o6515+01 

1 13O3+0 3 1 7349*0 1 

1.1303+03 1.7405+01 

1o1302+03 1o7433+01 

1 132 3+03 1 7 546+0 1 

1.1324+03 1*7490+01 

1.1324+03 1*7452+01 

-326- 

3o8439+03 

40 3843+03 

4*3843+03 

403843+03 

405?12+03 

4o5712+03 

4.5712+03 

4.5635+03 

4*5635+03 

40 5635+O3 

4*5789+03 

40 5789+O3 

405789+03 

101321+03 

1.1328+03 

101328+03 

i.i32a+o3 

1,1381+03 

1.1381+03 

1.1382+03 

1*1390+03 

1,1390+03 

1*1389+03 

1 141 1+C3 

1.1411+03 

1o1412+C3 



I 
E 
1 

B 
I 
1 
R 

CONDENSING DATA REDUCTION 

238 240 243 246 247 2 5 1  

CPNA QNA C T Q L  QC Q / A A  WK 

4,5634+04 

40 5744+04 

405668+04 

4o8014+84 

408014+34 

408208+O4 

408806+04 

40 9048904 

4, a976+04 

40 9313+O4 

4.9456+C4 

409227+O4 

5a2066+04 

5*1978+04 

5 e 2181+04 

5,1946+04 

5 a 2 148+O4 

So2321+04 

5 211f+O4 

5e2377tC4 

R 
I 
I 

-327- 



CONDENSING DATA REDUCTIO& 

2 38 240 243 246 241 

CPNA QNA C T Q t  QC Q / A A  

21 3*0000-01 2.3215+04 

22 3,0000-01 2,3209+04 

23 3*0000-@€ 2-3190+04 

24 3,000O-Cl 2*3041+04 

25 3.000U-Ql 2*2745+04 
I 

26 3.00OO-Cl 2,2726+04 

27 3*0000-Cl 2*2649+04 

28 3.0QOO-Cl 2*3751+04 

32 3*0000-01 2*4025+04 

33 3,0000-Cl 2.3987+84 

1.@553+03 

1 SO 5 6  1 + U  3 

1.0560+03 

1.6561+03 

1, C6 1 3+0 3 

1 06 14+Q 3 

1 C6 14+0 3 

1,062 2+O3 

1,C622+03 

1 C62 2+0 3 

1*C643+03 

1 , O643+O3 

1*C644+03 

2,5744+04 

2,5741+04 

2,5722+04 

2.5574+04 

2.5298+04 

2.5279+04 

2*52[32+O4 

2,6308+04 

2,6385+04 

2.6424+04 

2,6667+04 

2,6590+04 

2,655 1+34 

-328- 

5, 2443+C4 

5, 2436+(94 

5, 2398+W 

5 o 2O96+O4 

5 1534+O4 

5.1495+04 

EL 133a+04 

5e3591+04 

5,3748+04 

5 3827+O4 

5.4324+04 

5.4166+04 

5,4O0?+04 

2 5 1  

WK 

2 956 1+0 1 

2.9558+C1 

2,953698 1 

2,9366+31 

2 , 907 1+61 

209049+c1 

2*89613+31 

3.0249+01 

3 0339+0 1 

3.0383+01 

3.0678+tl1 

3*059C+Cl 

3-0545+01 



CONDENSING DATA REDUCTION 

306 317 319 324 326 354 

T W I  f Q / A  T TWO 1 HCON T NUC T T W I  B 

1 1o1553+C3 

2 Io1553+C3 

3 1o1555+03 

4 1*1716+C3 

5 lof715+C3 

5 1*1717+C3 

7 1o1766+C3 

8 1*1766+03 

9 1*1766+03 

10 101817+C3 

11 lo1816+63 

1 2  1*1817+C3 

1 3  1*1768+03 

14  le1767+C3 

15 l e 1 7 6 6 + Q 3  

16  101745+C3 

17 1,1744+03 

18 101744+03 

-5,2352+f.?3 

-501893+03 

-5o2231+03 

- 5 0  1984903 

-5-2474+33 

-5a1417+03 

-502034903 

-5,3237+03 

-5.3230+03 

-5.3518+03 

-5.2027+133 

-503180+03 

-5,8470+03 

-5*9791+03 

-6oO5O8+03 

-40 0261 +03 

-40 1089+03 

-6.1121+03 

-1 4629-C2 

-1 4501-02 

-1,4596-02 

- 1 0 4 5 49- 9 2 

-1-4687-82 

-1 . 4391-C 2 

-104571-62 

-1o49O8-82 

-1 a 4906-02 

-1a4994-C2 

-le4576-C2 

-1 -4899-02 

-106374-02 

-. 1 0 6 7 4 4-0 2 

-106945-02 

-106872-02 

-107104-C2 

-1 o 7 113-0 2 

le150S+d3 

l o  1555+63 

1- 1507+O3 

i 0 i 6 6 a + c 3  

l o  1668+O3 

1.1569+C3 

1- 172O+O3 

1 a 172C+C3 

I o  17ZO+G3 

1o1771+t3  

111771+03 

lo1770+G3 

1- 1725+O3 

1.1723+03 

1-1722+03 

io1702+03 

1-1701+03 

1,1701+03 

-329- 



CONCENSING D A T A  REDUCTION 

386 317 319 3 2 4  326 354 

T W I  T Q / A  T TkO T HCON T NUC T TWI  B 

21 1*1712+C3 

22 1o1712+C3 

2 3  1o1713+@3 

24 lo1712+03 

25 1o1760+03 

26 1*1760+C3 

27 1o1761+C3 

28 lO1784+C3 

29 i 0 i 7 a 3 + 0 3  

30 1o1783+C3 

3 1  1o1807+63 

32 1o1816+133 

33 lO1889+C3 

4 4583+O4 

4o4222+04 

4,4272+04 

4,4021+04 

4 . 3 9 4 a + 0 4  

403861+O4 

4,4838+@4 

4o5451+04 

4,5237iO4 

4.5451+04 

4.5477+04 

4,613(3+04 

4 . 5 8 2 4 ~ 4  

101399+03 

1014O3+O3 

1 1403+03 

1.1404+03 

1o1452+03 

1,1453+03 

1.1453+03 

1o1466+03 

1.1467+03 

1,1466+03 

1 14 8 9+0 3 

1 148 7+03 

1 148 9+0 3 

-6,1953+03 

-b02a84+o3 

-6,1537+83 

-60 1421+03 

-5.8534+03 

-5o8359+03 

-50a115+03 

-7.3524+63 

-7.6347+03 

-7.6382+03 

-803703+03 

- a o 2 4 w + m  

-8- 2538+03 

-330- 

-1 7 340-0 2 

-1 7601-02 

-107224-02 

-1 o 7 19 1-0 2 

-106390-02 

-1.6341-rJ2 

-1m6273-02 

-2,0596-c12 

-201387-02 

-20 1397-02 

-2 .345342 

-2031r32-02 

-2,3128-02 

1 1669+C3 

l o  1669+O3 

101669+03 

lO167O+C3 

1 . 1714+Q3 

lO1714+C3 

1 1715+53 

1,1745+03 

1 1744+93 

1.1743+63 

l o  1771+O3 

1-1771+33 

1*177O+O3 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I f  

12 

13 

14 

15 

16 

17 

18 

19 

20 

CONDENSING D A T A  REDUCTION 

365 

Q / A  8 

367 37 2 374 

TkiO B HCON B NUC 3 

-3.7288-112 

-306492-132 

-3-6031-92 

-3,1co2-02 

-3.1711-02 

-3.3345-32 

-2  9 364-42 

-3of)206-02 

-3.0642-02 

-3.9354-QZ 

-2.a193-~2 

-3.3435-72 

-304191-02 

-306458-92 

-307449-92 

-305768-32 

- 3 0 7 3 4 4 4 2  

-3.7262-32 

-30 7 4 1  1-92 

- 4 - 0 2 8 5 - 8 2  

-331- 

399 

Q / A  TC 

3,188C+C4 

3,1469+24 

3, fS42+C4 

3.3497+.34 

3.3218+C4 

3.3713+C4 

?o4174+?4 

3*4132+C4 

3 o 4154+O4 

3 4 5 8 1 +24 

3,4243++24 

3 4 58 2 +'a 4 

3,6006+04 

3.603C+C4 

3,5776+04 

3,6298+34 

3o6255+34 

30 6 3 0  l + G 4  

3 e 7 5 9 1 +:a 4 

3.7356+34 



CONDENSING DATA REDUCTION 

365 367 3 7 2  374 389 399 

4/A B TWO 0 HCON 8 NUC B TWI  T C  Q / A  TC 

21 3,8259+04 

2 2  3.7899+04 

2 3  3.7848+04 

2 4  3-7979+04 

25 3,7454+04 

26  3-7226+04 

27 3.7365+04 

28 3-9675+04 

29 3a9493+04 

30 3.9545+04 

31  3,9970+04 

32 4,0093+04 

3 3  3.9736+@4 

1 a 140 1+03 -1 3 1 3  5+04 

1 -  1403+O3 -1.4364+04 

1*1404+03 -183442+04 

1-1403+03 -1-3102+04 

1-1452+03 -1,2654+04 

1.1453+03 - la2835+O4 

1-1453+03 -1.2708+04 

1m1467+03 -1,7718+04 

1. L467+O3 -1,9639+04 

1-1466+03 -2,0699+04 

1.1492+03 -2,2098+04 

1.1491+03 -2.293G+04 

1.1492+03 -2,3794+04 

-3.6764-02 

-4-O2O6-O2 

-3-7625-02 

-3- 6671-02 

-3- 5434-02 

-3- 5940-02 

-3,5585-02 

-4,9633-02 

-5-5014-02 

- 5 ,  7984-02 

-60 1921-02 

-6,4253-02 

-6.6672-02 

1*1698+C3 

1. 1698+O3 

1*1699+03 

1-1698+03 

1 -  1745+03 

1- 1745+03 

1o1746+03 

1.1769+03 

1 1768+03 

1 ,  1768+03 

1. 1792+03 

1,1795+03 

1,1794+03 

3.759 3+04 

3 - 7  136+04 

3.7 18 1+O4 

3,6931+04 

3,6702+04 

3,6614+04 

3.6790+04 

3,8150+04 

3,7936+04 

3*8152+04 

3 . 8 130+04 

3,8789+04 

3,0481+04 

-332- 



CONOENSING DATA REDUCTION 

401 406 408 424 434 436 

Tho TC HCONTC NUC TC T W I  f3C Q / A  8C TWO BC 

1 1o1317+?3 

2 le1320+C3 

3 1o1321+C3 

4 1of467+63 

5 1o1468+C3 

6 1*1467+C3 

7 1-1512+C3 

8 101512+C3 

9 1o1512+C3 

10 1-156.3+63 

11 1o1561+C3 

12 1-1560+C3 

1 3  l015O1+C3 

14  f01500+C3 

1 5  1,15OO+C3 

16 le1476+C3 

17 1014?6+Q3 

18 lo1476+c3  

19 101435+C3 

20 le1436+C13 

209455-52 

2 0 90 1c-02 

2 o e 6 4 5-1) 2 

2 o 8 8 0 5-0 2 

2 7489-02 

3 c 2  5 2-0 2 

2,9074-i)2 

2,7495-02 

2 o 7 5 3 6-0 2 

2,7176-02 

2-83Q4-32 

2 7 5 5 2-0 2 

2 o 7 17 4-02 

2 6 0 2  8-02 

2 o 507 3-02 

206756-02 

2 a 604 5-0 2 

2,6179-OZ 

2,58,37-1)2 

2 789 2-0 2 

-333- 

3,3510+24 

3,3471+C4 

3,3566+54 

3 0 4 540 +Q 4 

3o4319+C4 

3,4504+04 

3,5441+C4 

3,5404+04 

3o5481+G4 

3-5790+04 

3056O9+O4 

3*5599+c4 

307780+04 

3o76O2+O4 

3o7466+04 

3,7931+04 

3e7748+04 

3e7842+04 

3,a402+04 

3o8C82+04 

1*13r35+23 

1 e 1306+Cj3 

1*13C8+33 

1,1464+03 

1o1465+33 

1.1465+i)3 

1015G9+23 

1- 151C+G3 

1-15113+!33 

1,1559+03 

1p1560+63 

1,1559+03 

l o  1498+Q3 

1 1498+C3 

I o  1498+O3 

101474+03 

1*1475+r33 

1=1474+C3 

1.1436+03 

1- 1437+i3  



C O N D E N S I N G  DATA REDUCTIOIv 

40 1 406 40 8 424 434 436 

TMO TC HCONTC NUC TC TWI 8C Q / A  8C TWO 3c 

21 1.1435903 

22 101438+6?3 

23 1.1439+03 

24 Io144O+C3 

25 1o1488+C3 

26 1*1489+03 

27 1.1489+03 

28 101503+G3 

29 1.1503+C3 

30 1.1502+C3 

3 1  101526+C3 

32 l O 1 5 2 3 + G 3  

33 1 0 1 5 2 5 + C 3  

1.0343+04 

9.7557+03 

1.021 1+O4 

1oOO32+O4 

1 .G217+04 

1 00214+04 

1.,(3409+04 

7.7033+03 

7.2834+03 

7,3627+03 

6 o 6 1  14+O3 

6o9068+03 

607959+03 

2.8978-02 

2 o 733 2-0 2 

2,8606-02 

2 8 10 5-0 2 

2 8 6 3  6-0 2 

2,8627-02 

2 o 9 17 6-0 2 

201600-02 

2 C 4 2 2-0 2 

2 064 5-0 2 

1 8544-02 

1 937 2-0 2 

1 906 1-0 2 

1,1706+03 

1. 1706+03 

l o  17O7+03 

1.1707+03 

l o  1752+03 

l o  1751+03 

1o1752+O3 

1,1782+03 

l o  1781903 

l o  1?81+03 

l e  18090-03 

l o  1809+03 

1 o 18O8+03 

3o8625+04 

3*8262+04 

3 e  821l+Q4 

3o8342+04 

307798904 

3o7568+04 

3,7708+04 

4,0017+04 

3o9833+04 

3,9aa6+04 

4o0299+04 

400426+04 

400066+04 

l o  1436+03 

l o  1438+O3 

l o  1439003 

101438+C3 

l01488+03 

1.1488+03 

l o  1488903 

1 e 1503+G 3 

1o1503+03 

1,1502+C3 

1o1527+03 

101526+G3 

l o  1528*G3 

-334- 



CONDENSING D A T A  R E D U C T I O N  

440 442 . 450 451 452 453 

HCONBC NUC BC P S I  HO PI PO DPC 

1 laC494+C4 

2 1,1199+134 

3 1,1344+634 

4 lm2226+C4 

5 101772+C4 

6 1*2537+C4 

7 103316+C4 

8 1.2915+C4 

9 1,2085+C4 

10 1*2577+C4 

1 1  1.3712+C4 

12 lO2388+C4 

13 1o3481+C4 

14 1.2467+C4 

15  l021O9+c4 

16 1e3186+04 

17 1.2544+C4 

18 1.2676+04 

19 1-3410+C4 

20 lo2365+c4 
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3*1510+00 

3o1523+OO 

3,1550+00 

30 5070+06? 

30 5077+00 

3*5091+03 

3,6259900 

306270+00 

306294+03 

3o7467+00 

3,7433+00 

3,7463+00 

306508+0(3 

3 6490+QO 

30 6476+00 

3.5990+0Q 

3o5979+OO 

3*5976+0O 

30 5192+00 

3 o 5 2 1 7 + m  

1 , 197O-O 1 

l o  1647-Cl 

1.1864-Ol 

1 e 4378-0 1 

104413-Cl 

1 e 4 168-3 1 

Lo4718-Gl 

1 5444-0 1 

1.5089-Gl 

1 7004-c 1 

1.6 39 4-0 1 

1 6 8 1 9-6 1 

1.3731-01 

1.4294-01 

1 * 4660-0 1 

1 0 3 3 1 1-0 1 

1. 3 8 5 7 - 0  1 

1.3725-Cl 

102994-61 

1 o 3G 14-C 1 



2 1  

22  

23 

24 

25 

26  

27 

28  

29 

30 

31 

32 

33 

C O N D E N S I N G  O A T A  R E D U C T I O N  

440 442 450 451 452 453 

HCONBC NUC f3C PSI HI) ? I  PG DPC 

1 3907+O4 

1 2475+04 

le3245+C4 

l o  3624+r?4 

1 2969+C4 

1,2632+Q4 

1*2806+04 

1*1018+O4 

lOC317+C4 

1*0071+C4 

9,8102+C3 

9.6714+C3 

9 4(326+C 3 

3,8961-02 

304950-02 

3 7 107-0 2 

3.8168-02 

3 635 1-02 

3.5406-02 

3.5895-02 

3 0 89 3-02 

2,8928-02 

208239-02 

207516-02 

207126-02 

2 6 3 7 2-0 2 

1 . 840 1-8 1 

1 834 1-0 1 

1.8342-01 

1 8 13  9-0 1 

1.7228-0 1 

lm7212-Q1 

1 70 9 3-0 1 

1.8223-Ol 

1 8 30 2-0 1 

1,8344-01 

1 836 6-0 1 

1 82 3 7-0 1 

1.8188-01 

3,6476+00 

3*6592+8O 

3 65 34+OO 

306508+Q0 

3*7659+00 

3=7637+OO 

3.7665+0O 

3,8635+00 

3.8701+00 

3.8729+00 

3.9456+OO 

3.95OO+OO 

3.9489+00 

1.2664-Cl 

1,3713-01 

1.3101-O 1 

1 , 2839-0  1 

1.3927-Ql 

1 3600-01 

1 3842-0 1 

1 4415-0 1 

1 m 5 116-0 1 

1 5 53 3-13 1 

1 0 5082-t2 1 

1.5563-dl 

1*5415-61 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

CDNCENSING D A T A  R E D U C T I O &  

3o?229+CO 3,9240+00 -2 oC113-0 1 

6 1C 

P I C  

611 6 1 3  

POC npcc 

700 

X B  

6 .?48C!-r? 1 

6 7703-0 1 

6.7566-131 

6 a 4979-9 1 

6,4958-01 

6 o 5 15 3-0 1 

6.3O51-3 1 

6 t 2 8 36-0 1 

6-2934-01 

6-1228-01 

6,156341 

6. 1293-01 

6,2463-01 

6 o 2 198-0 1 

6, 2135-01 

6,2522-91 

6,2344-01 

6,2420-0 1 

6e2@[27-01 

6,2026-01 

495 

W K t  6 

?3,3430+n0 

80 30!58+Cc) 

8,3291+00 

9,4781+60 

9,4859+03 

9,4694+cO 

1 o O  173+c\1 

i002a3+oi 

1 e 0 241+C 1 

1,0795 tG 1 

1,15733+01 

lOQ758+C1 

lmlC27+Cl 

l o  1G86+01 

1,1148+01 

1 0980+O 1 

1 1675+O 1 

101089+C1 

1.1160+O 1 

10 121 1+c 1 

70 1 

X T  

b e  7480-n 1 

60776 3-G1 

6 7560-0 1 

604979-f;l 

6 o 4950-C 1 

6 ,  5 1 5 3 4 1  

6 t 3Q 5 1-C 1 

6 e 28 36-ti 1 

6.2934-01 

60 1228-01 

6.1563-C1 

6,1293-01 

6.2463-01 

6 2 198-0 1 

6 2 13 5-01 

6 2 52 2-01 

6.2344-Cl 

6,2420-0 1 

6,2007-Cl 

6-2026-Cl 

-337- 



CONDENSING DATA R E D U C T I O N  

610 611 613 

P I C  POC DPCC 

21 3*7183+CO 3,9233+08 -2,0500-01 

22 3.7305+00 3*9244+00 -1.9387-01 

1 23 3.7245+00 3,9248+00 -2.0027-01 

24 3*7225+00 3*9248+00 -2,0227-01 

25 3,8502+00 4*0382+00 -1.8806-01 

26 3.8479+(30 4*0394+00 -1.9149-01 

27 3o8513+CO 4*0398+00 -1-8854-01 

28 3.9481*00 4,1417+00 -1.9351-01 

29 3.9548tao 4.1413+00 -1,8647-01 

30 3,9575+00 4.1397+08 -1.8216-01 

31 4.0355+00 4.2219+00 -1.8639-01 

32 4.0408+00 4.2215+00 -1.8064-01 

33 4,0398+60 4.2219+00 -1,8206-01 

700 

X B  

6.2 2 10-0 1 

6,1226-01 

60 1490-01 

6. 1555-01 

6.0 849-0 1 

6 09 9 5-0 1 

6 086 3-0 1 

6 0302 -0 1 

6.0050-31 

5.9908-01 

5 98 16-0 1 

5 96 12-01 

5-9659-01 

-338- 

49 5 701 

W K L  B X T  

1e1171+01 6,2210-01 

1 , 1461+01 6.1226-01 

1*1375+01 6,1490-01 

1.1290+01 6.1555-01 

1.1381+81 6,0849-01 

1.1330+01 6.0995-01 

1.1334+01 6.0863-01 

1,2008+131 6.0302-Cl 

102120+01 6.0850-01 

1.2181+O 1 5 . 9958-0  1 

1*2328+01 5,9816-01 

1*2355+01 509612-01 

lo2322+01 5-9659-01 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15 

16 

17 

1 8  

19 

20 

CONDENSING DATA REDUCTION 

498 504 

W K L  T NREF T 

8*3430+00 

8 3O58+00 

8*3291+00 

9*4781+00 

904859+OO 

9.46 94+ 00 

1.0173+01 

1*0283+01 

1*0241+01 

1.0795+01 

i .o733+ai 

l .Q758+01 

1.1027+01 

1*1O86*01 

1 1148+01 

1.0980+01 

1. 1O75+O1 

1.1089+01 

1.1 i60+0 1 

1. 12 11+01 

5 5??3+02 

5.5524+02 

5.5686+02 

6.3954+02 

6 400 8+02 

6m3896+02 

6*8833+02 

6*9586+02 

6.9301+02 

7.32?7+02 

7.2840+02 

7.3025+02 

7*4634+02 

7.5038+02 

7 .5455+02  

7 * 4 2 2 8 + 0 2  

7*4874+02 

7 o4968+02 

7*5303+02 

7.5654+02 

507 

NREF B 

5 577 3+0 2 

5.5524+02 

5.56a6+02 

6 39 5 4+0 2 

6 4008+0 2 

6,3896+02 

6*8833+02 

6 . 958 6+02 

6,930 1+02 

7*3277+02 

7.2840+02 

7 . 3 O 2 5 + O Z  

7m4634+02 

7 5038+02 

7 * 545 S+O 2 

7 422 8+02 

7 48 7 4+0 2 

?.4968+02 

7 530 3+02 

7.5654+02 
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CONOENSING DATA REDUCTION 

498 504 507 

WKL T NREF T NREF 8 

21 lo1171+01 

22 101461+01 

23 1.1375+01 

24 10129O+O1 

25 1o1381+O1 

26 1o1330+01 

27 1o1334+O1 

28 lo2008+O1 

29 102120+01 

30 1.2182+01 

31 102328+Ol 

32 1.2355+01 

33 102322+01 

7,5377+02 

7,7344+02 

7.6756+02 

7.6182+02 

7.6997+02 

7o6651+02 

7.6679+02 

801419+02 

8.21 85+02 

8.2599+02 

8.3747+02 

8.3934+02 

8.3713+02 

7,5377+02 

7,7344+02 

7,6?56+02 

7 6 18 2+O2 

7-6997+02 

7 665  1 + O 2  

7 667 9+O 2 

8.1419+02 

8.2 185+02 

8 259 9+0 2 

8.3747+02 

8.3934+02 

8 371 3+02 

-340- 



I TABLE F-5. NOMENCLATURE FOR CONDENSING HEAT TRANSFER RESULTS FROM THE 
50 KW FACILITY. 

( T a b l e  F-6 ) 

Column Symbol I d e n t i f i c a t i o n  

131 DATE (e.g. ,  1,2063 -t- 04 = 12/6/63) 
132 TIME ( e+ ,  203000 + 03 = 2300) 

Fluid Thermocouples 

134 
136 
138 
140 
142 
144 i 146 

1 

148 
150 
152 

TC Number 

1 Potassium i n l e t  
2 
3 
4 

2 
7 
8 
9 
10 

Wall Thermocouples 

TC Number 

162 
164 
166 
168 
170 
172 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Potassium i n l e t  
Potassium o u t l e t  
Potassium o u t l e t  
Sodium o u t l e t  
Sodium o u t l e t  
Sodium o u t l e t  
Sodium i n l e t  
Sodium i n l e t  
Sodium i n l e t  

Radius Within Tube 
Wall - Inches 

0 398 
0.449 
0.518 
0.601 
o ,698 
0.398 
0.449 
0.518 
0.601 
0.698 

Distance from Condenser 
I n l e t  - Inches 

12 
12 
12 
12 
12 
24 
24 
24 
24 
24 



I 
8 Column Symbol I d e n t i f i c a t i o n  

174 
176 
181-219 
221 
223 
226 
229 
230 
235 
237 
238 
240 
243 
246 
247 
251 
306 
317 

;;z 
326 

354 
365 

367 

372 

374 

450 
45 1 
452 
453 

T K I  
TKO 
TKNC 
TKIC% 
TKOC 
TNAO 
T N A I  
DTNA 
WNA 
TNAM 
CPNA 
QNA 
DTQL 

QC 

WK 
Q/AA 

?E 
TWOT* 
HCONT* 

NUCT* 

TWOB* 

HCONB 

NUCB * 
PSI HD 
P I *  
PO* 
DPC* 

I n l e t  potassium temperature ,  OF 
O u t l e t  potassium temperature ,  O F  
Correc ted  temperature  of thermocouple N, OF 
Corrected i n l e t  potassium temperature ,  OF 
Corrected o u t l e t  potassium temperature ,  OF 
O u t l e t  Sodium temperature ,  OF 
I n l e t  Sodium temperature ,  OF 
Sodium temperature  i n c r e a s e ,  O F  
Sodium Flow rate,  l b / h r  
Sodium mean temperature, OF 
Sodium s p e c i f i c  hea t ,  Btu/lb-OF 
Sodium heat ga in ,  Btu/hr  
Temperature Di f f e rence ,  Test S e c t i o n  S h e l l  - 
Ambient, OF 
Condenser load,  Btu/hr  
Average heat f l u x ,  B t u / h r - f t 2  
Potassium flow r a t e ,  l b / h r  
I n n e r  wall temperature a t  t o p  a x i a l  s t a t i o n ,  OF 
Heat f l u x  a t  inne r -wa l l  a t  t o p  a x i a l  
s t a t  ion ,  B tu/hr-  f t2 
Outer wall temperature,at t o p  a x i a l  s t a t i o n ,  OF 
Condensing heat t r a n s f e r  c o e f f i c i e n t  a t  t o p  
a x i a l  s t a t i o n ,  Btu/hr-f tZ O F  
Nusse l t ' s  condensing r a t i o  a t  t o p  a x i a l  
s t a t  ion ,  d imens ionless  
Inne r  wall temperature a t  bottom a x i a l  s ta t ion ,OF 
Heat f l u x  a t  i n n e r  wall a t  bottom a x i a l  
s t a t i o n ,  B t u / h r - f  t2 
Outer wall temperature a t  bottom a x i a l  
s t a t i o n ,  OF 
Condensing heat  t r a n s f e r  c o e f f i c i e n t  a t  bottom 
a x i a l  s t a t i o n ,  B t u / h r - f t 2  O F  
? u s s e l t J s  condensing r a t i o  a t  bottom a x i a l  
s t a t i o n ,  d imens ionless  
I n l e t  vapor v e l o c i t y  head, p s i  
I n l e t  potassium vapor press 'ure,  lb / in2  
O u t l e t  potassium vapor pressure ,  l b / in2  
Condensing p r e s s u r e  drop  

I 
I 
I 

*These va lues  were a l s o  c a l c u l a t e d ,  account ing  f o r  t he  thermocouple ' 

s t a n d a r d i z a t i o n s  obta ined  i n  the  vapor s t a n d a r d i z a t i o n  runs .  
va lues  of t h e  parameters u t i l i z i n g  t h e  thermocouple s t a n d a r d i z a t i o n  are  
i n d i c a t e d  i n  the columns i n  which the  n o t a t i o n  f o r  t h e  above parameters  
are followed by a C, e.g., TWITC is t he  I n n e r  Val1 Temperature a t  t o p  
a x i a l  s t a t i o n  u t i l i z i n g  the  s t anda rd ized  c o r r e c t i o n  f a c t o r ,  OF. 

The 

I 
-342- 



I ~ 

Column Symbol I d e n t i f i c a t i o n  

I 
I 
I 
i 

700 
495 
701 
498 

504 
507 

X B  
W K L  B 

X T  
W K L  T 

NREF T 

NREF B 

Potassium Q u a l i t y ,  Bottom S t a t i o n ,  L/D = 38 
Local Potassium l i q u i d  f l o w r a t e  a t  bottom 
s tat  ion, lb /hr  
Potassium Q u a l i t y ,  Top S t a t i o n ,  L/D = 19 
Local Potassium l i q u i d  f l o w r a t e  a t  t o p  
s t a t i o n ,  lb/hr  
Liquid f i l m  Reynolds number a t  t o p  s t a t i o n ,  

Liquid f i l m  Reynolds number a t  bottom s t a t i o n ,  
L/D = 38 

L/D = 19 

I 
I 

-343- 



I 
I 
D 

~t 
' I  
I 
I 
I 
I 
I 
5 
I 
I 

' I  
I 

I1 

, I  

m 

TABLE F-6. 
CONDENSING DATA REDUCTION 

50 KW CONDENSING DATA 

131 132 134 136 138 140 

O A T €  TIME TC 1 TC2 T C 3  TC4 

1 1.2063+04 

2 1.2063+04 

3 1.2063+04 

4 1,2063+04 

5 lO2973+C4 

6 1*2073+C4 

7 1*2073+C4 

8 102073+C4 

9 1*2573+C4 

L O  102073+C4 

11 fo2073+C4 

1 2  1.2073+04 

13 102073+04 

14 1.2073+04 

15 102073+G4 

16 1*2#73+04 

17 1.2373304 

18 1*2073+C4 

1 o 1688+03 

1o1687+03 

1*1687+03 

1- 168 8+0 3 

1 o2U41+cI3 

1-2042+03 

1*2043+03 

1 - 2042+5 3 

1 -2370+03 

102372+O 3 

lo2370+03 

1 e237 1+O3 

1a2584+03 

1.2585+03 

1.2584+03 

1-2580+03 

1*2579+03 

l02581+03 

i.16a4+03 

1.1684+03 

101685+Q3 

1*1686+03 

1 2039+c)3 

1.2038 403 

1.2041+03 

1.2040 +03 

1 2368903 

1.2370+03 

1-2368+03 

1.2379+03 

10258[3+03 

1-2582+03 

Io2582+03 

1 2 578 +O 3 

1 -2575+03 

1*2578+03 

1.1661+03 

1 a 1662+03 

1e1662+O3 

1 1662+O3 

1 o 2020+03 

1o2022+O3 

I o 2021 +O3 

1o2021+03 

l o  2355+O3 

10 235S+O3 

1a2354+03 

l o  2356+O3 

1- 2568+O3 

102569+03 

1 -2568+03 

102565+03 

Io2565+Q3 

1*2565+03 

l o  1671+O3 

1-1671+03 

1o1671+03 

1*1671+O3 

1 2031+0 3 

102G32+03 

1*2032+03 

1*2032+C3 

1 o 2364+O3 

Io2364+O3 

1-2364+03 

lp2365+03 

1-2577+03 

1-2579+03 

im257a+o3 

1a2574+Q3 

1*2573+03 

1 -2574+C3 

-345 - 



CONOENSlMG D A T A  REOUCTION 

142 144 146 148 1 so 152 

T C 5  TC 6 TC 7 T C 8  T C 9  TC 10 

1 1.1469+03 1.1449+03 

2 1.1469+03 1.1449+03 

3 1*1468+03 1.1449+03 

4 1.1470+03 1.1450+03 

5 1.1843+03 1.1824+03 

6 1.1844+03 1.1824+03 

7 1-1843+03 1.1823+03 

8 1.1842+03 1.1823+03 

9 1*2181+03 1.2161+03 

IO 1.2181+03 1.2161+03 

11 1.2181+03 1.2160+03 

12 1.2181+03 1.2160+03 

13 1.2388+03 1.2365+83 

14 1.2387+03 1.2366+03 

15 1.2385+03 1.2365+03 

16 1.2379+03 1.2359+03 

17 1.2381+03 1.2359+03 

18 1*2380+03 1.2359+03 

1*1457+03 

1 145 8+0 3 

1. 1459+03 

1o1459+03 

1*1834+03 

1.1833+03 

1*1834+03 

1*1833+03 

1*2172+03 

1 2172+0 3 

1 217 1+03 

1 2 17 2+0 3 

1.2376+03 

1.2376+03 

1 23 7 6+0 3 

1.2370+03 

1.2369+03 

1 2369+0 3 

1.1409+03 

1.1409+03 

1-1408+03 

1*1409+O3 

1. 1800+03 

1*1881+03 

1.18[40+03 

1 1799+03 

1 .i 2 142+03 

1*2142+03 

1 2 141 +03 

1.2141+03 

1*2343+03 

1,2344+03 

1.2342+03 

1.2335+03 

lO2335+Q3 

1,2335+03 

-346- 

1 1376+O3 

1- 1377+(93 

1- 1377+O3 

1*1376+03 

1,1768+03 

1. 1766+Q3 

1 1767+03 

1*1766+O3 

1 . 2 1O9+03 
1 2 1O7+03 

1 2106+O3 

1 2 1O6+83 

1 . 23O9+O 3 
1.2309+03 

1.2308 +O 3 

1 2301 +03 

1.2301+03 

1-2300+03 

1*1392+O3 

1.1392+03 

1.1392+03 

1.1392+03 

1.1784+03 

1. 1782+03 

10 1783+03 

1- 1782+03 

1.2125+03 

1. 2 124+O3 

1 2 123+O3 

1*2123+O3 

1*2326+03 

1 2 32 5+0 3 

1.2325+03 

1.2318+03 

1 *2319+O3 

1. 2317+O3 

I 
I 
1 
I 
3 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 



CONDENSING DATA REDUCTION 

154 156 1 5 8  160 16 2 

TCll TC 12  T C 1 3  TCl4 T C 1 5  

1*1603+63 

1-1604+63 

101605+t3 

1 - 1684+03 

1. 1974+O3 

1*1976+it3 

1-1975+03 

loI.974+03 

112314+G3 

1 23 1 3+03 

1.2312+03 

1*2314+03 

1 2 5 2 3 + Cj 3 

1*2524+O 3 

1o2524+03 

102519+D3 

1 0 251 8+U3 

1*2517+03 

1 *1578+W 1. 1565+03 

1e1578+03 1*1566+83 

1 01579+O3 1- 1566+03 

Lof578+03 1.1565+03 

1 o 195 1 + U  3 1 194@+03 

1m1950+03 1.1939+03 

1.1952+03 1m1940+Q3 

1-1951+03 1o194O+O3 

1.2289+03 1*2278+03 

1o2289+03 1*2277+03 

Io2288+03 1*2278+03 

1.2289+0 3 1 . 22??+O3 

Io2499+O3 1.2487+03 

1*2497+03 1*2486+03 

1o2498+03 1*2485+03 

1o2492+03 1.2480+03 

1*2493+03 lo2481+03 

i02492+03 i 0 2 4 a i + 0 3  

-347- 

0. 

00 

00 

0, 

00 

0 .  

0. 

00 

00 

00 

0, 

0, 

O Q  

0 .  

0. 

0. 

00 

00 

164 

T C 1 6  

1*1596+03 

1 1597+O3 

1- 1597+O3 

1*1595+03 

1.1966+03 

1*1966+03 

1 o 1966+03 

1- 1965+E3 

1m2303+03 

1.230 3+0 3 

1 o 230 3+03 

1-2303+6;3 

1*2514+03 

1 25 15+83 

l o  25 13+03 

1.2509+03 

1 o 25O9+O3 

1*251C+03 



CONDENSING D A T A  REDUCTION 

166 168 170 172 

TC17 f C 1 8  TC19 TC20 

1 L11575+Q3 

2 1.1575+03 

3 1=1575+03 

4 1.1576+03 

5 1,1947+03 

6 1.1948+03 

7 1.1947+333 

8 1,1947+03 

9 1=2286+C3 

10 1.2286+03 

11 1,2287+03 

1 2  1.2287+03 

13 i .2496+c3 

14 1,2497+03 

15 1-2496+93 

1 1569+63 

1.1569+03 

1.1570+03 

1 . 157O+O3 

1.1941+03 

1.1943+03 

1.1942+03 

1.1941+03 

1.2279+03 

le2280+03 

1.2279+63 

1 228Q+li3 

1*2488+L53 

1*2488+03 

1.2488+03 

101523+03 

lm1523+03 

1.1524+03 

1*1524+03 

1 19OO+O3 

1. 1902+0 3 

1- 19OO+O3 

1 19OO+03 

1*2241+03 

l02246+03 

1.2239+03 

1e224G+133 

1.244 8+0 3 

1 o 244 7+8 3 

1 2447+03 

0. 

0 .  

0 .  

0 .  

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

00 

0, 

16 1.2491+03 1.2482+03 Io2441+O3 0, 

17 1.2490+03 1*2482+03 1o2441+03 0, 

18 1.2490+03 1.2482+03 1.2440+03 O o  

-348- 

174 174 

TK I TKO 

1- 1686+03 

1o1685+03 

1 o l686+Q3 

l o  1687+O3 

1 o 204O+O3 

1-2040+03 

1=2042+03 

1o2O41+03 

1 o 2369+O3 

l o  23?1+O3 

1 o 2369+03 

1o2371+03 

1e2582+03 

1 o 2 584+cS '3 

1 2583+O3 

1*2579+Q3 

1 o2577+O3 

Po2579+03 

101666+O3 

lm1666+03 

1,166?+03 

1 o 1666403 

1 2O25+O3 

1o2027+03 

1o2027+03 

I o  2026+O3 

102359+03 

1.2360+03 

1-2359+03 

102360903 

1 o 2572903 

l o  2574903 

lo25739C3 

1o2569+03 

102569903 

1o2569+03 



CONDENSING DATA REDUCTION 

iai 183 185 

TC 1C TC 2C TC3C 

l o  1684+O3 

1e1684+O3 

f01685+63 

101686+03 

1 2O4O+O3 

1- 2O39+r)3 

1*2342+03 

1- 2041W3 

1.2370+93 

1-2372+03 

1-2370+03 

1*2372+~3 

1.2582+03 

1o2584+03 

1*2584+03 

1 e 2 58O+O3 

1 2577+L13 

1-2580+03 

187 189 191 

c4c T C 5 C  T C 6 C  

101674+03 1-1670+03 1o1448+O3 

1*1674+U3 1-1673+03 1o1447+93 

1 *1675+03 1- 1670903 l o  1446+O3 

1*1675+03 1-1670+03 Io1448+O3 

1o2032+03 1*2030+03 lol821+03 

1e2034+03 1*2i331+03 1o1822+03 

Io2O34+03 1*2032+03 1o1821+03 

1*2034+03 1*2031+03 1.1820+03 

1o2366+03 1*2364+03 1,2159+83 

102367+03 1*2364+03 1o2159+03 

1*2366+03 1*2363+03 1*2159+03 

1 o2368+03 1-2364+03 1e2159+03 

1*2579+03 10257?+533 Lo2366+03 

1 o258Q+O3 1.2S78+03 1 e 2365+O3 

1*2579+03 1*2578+03 1o2363+03 

1*2576+03 1*2574+03 1o2358+03 

102576+Q3 1o2572+03 1o2359+03 

1*2576+03 1*2573+03 1e2358+03 

-349- 

1-1492+03 

1-  1491+C3 

1 * 1492+O3 

1- 1493+O3 

1 - 1866+tJ3 
1.1866+03 

1- 1865+O3 

l o  1865+\33 

1*2203+03 

1.2203+03 

1-2203+03 

1*2203+03 

1024O7+03 

Io24O8+83 

1-2407+03 

1024O2+O3 

1 o 240 1+0 3 

1024O2+03 



C O N D E N S I N G  D A T A  REDUCTION 

193 195 197 199 20 1 203 

TC 7c TC 8C TC9C T C l O C  T C l l C  T C 1 2 C  

1 1*1480+03 

2 1.1481+03 

3 1.1482+833 

4 1.1482+03 

5 1.1857+03 

6 1.1856+03 

7 1*1857+03 

8 1.1856+33 

9 1*2195+633 

113 1*2195+03 

11 1*2194+03 

1 2  1.2195+03 

1 3  1.2399+03 

14 1*2400+03 

15 1.2399+03 

16 1*2393+03 

17 1*2392+03 

18 1*2392+03 

1*14Q9+O3 

1 1409+O3 

1.1408iO3 

1.14O9+c)3 

1.1800+03 

1.1801+03 

1 180O+c)3 

1.1799+03 

1.2 142+O3 

1.2142+03 

1.2141+83 

1.2141+Q3 

1.2343+03 

1.2344+03 

1*2342+U3 

1.2335+03 

1.2335+03 

1.2335+03 

1-1388+03 

1*1389+03 

1.1389+03 

1.1388+03 

1.1779+03 

1.1778+03 

1*1778+03 

1o1777+03 

1 2 1 m + 0 3  

1 0 2 119+O3 

1 2 1  17+03 

1.2117+03 

1,2320+03 

1.232O+O3 

1.232U+O 3 

1.2312+03 

1 - 231 2+O3 

1 23 1 1 + O 3  

lo142O+03 

1.1423)+03 

1. 1420+03 

le142O+Q3 

1.1812+O3 

I. 1811+O3 

1- 1811+O3 

1- 181O+O3 

1 2 153+03 

1.2 152+O3 

1.2151+03 

1 - 2 1  51 +03 

1.2355+03 

1.2353+03 

1.2353+03 

1 . 2346+O 3 

1.2347+03 

1 2345+03 

1 16O5+03 

1. 1605+O3 

l o  16O5+Q3 

1*1606+03 

1 1974+$)3 

1.1976+03 

1.1975+O 3 

1,1974+03 

l02313+03 

1.2314+03 

1 2 313+03 

1.2314+03 

1 . 2523+O3 

1.2525+03 

L.2525+03 

1 2 520+03 

1.2518+U3 

1.2520+03 

1.1596+03 

1-1596+03 

1- 1597+03 

1.1597+03 

1.1967+03 

1o1969+03 

1.1968+03 

1.1967+03 

1-2307+03 

1.2306+03 

1 23O5+03 

102307+03 

1 - 2 5 16+0 3 

l o  2517+O3 

1 251?+C33 

l o  2512+03 

1o2511+03 

1-2510+03 

-350- 



CONDENSING O A T A  REDUCTION 

205 207 209  

TC13C TCl4C TC 15C 

1 le1571+O3 

2 101571+03 

3 101572+03 

4 1o1571+03 

5 lO1944+r33 

6 le1943+53 

7 1,1945+03 

8 1,1944+33 

9 le2282+C3 

19 1e2281+03 

I f  1,2280+03 

1 2  102282+.33 

1 3  1-2491+33 

14 1.2490+03 

15 1o2491+C;3 

16 1.2484+03 

17 lo2485+c3 

18 1,2484+03 

1,1554+03 

1,1555+03 

1o1554+03 

l o  1554+O3 

1.1929aO3 

l o  1928+03 

1.1929+03 

1.1929+03 

1.2267+03 

1*2267+03 

1o2267+03 

l02267+03 

1 . 2477+O3 

1-2474+03 

1 247 5+0 3 

1 . 247O+U3 

1.2471+03 

1.2471+03 

2 1 1  

TClbC 

1.1599+03 

1 16OO+O3 

1- 1500+03 

1- 1598903 

1- 1968+03 

1.1968+03 

1- 1969+03 

l o  1968+03 

1 2305 +03 

1.2305+03 

1.2305+03 

1 - 23O5+33 

1. 2516+03 

1 2516+O3 

1.2515+03 

1.2511+03 

1. 25 11903 

1- 2512+O3 

-351- 

2 1 3  

TC17C 

1*1574+03 

14 15?4+0 3 

1,1574+03 

l o  1575+03 

1. 1946+03 

l o  1947+03 

l o  1946+03 

l01945+03 

1*2284+03 

1-2284+03 

1 2285+03 

1*2285+03 

1.2494+03 

1*2495+03 

1,2494+03 

1 o 2489+O3 

f02488+03 

1 2488+0 3 

215 

Tciac 

1*1571+03 

1*1571+O3 

1 157 1+O3 

10 15?1+03 

1.1943+03 

10 1945+O3 

1o1944+03 

1 o 1943+O3 

1 - 2281+03 

1.2283+03 

1.228 1+O3 

1-2282+03 

1*2490+03 

1*2491+03 

1.2490+03 

lo2485+03 

l o  2484+03 

1 2485+O3 



CONDENSING DATA REOUCTION 

217 219 22 1 223 226 2 29 

TC 19C TC213C T K I C C  TKOC TNAO T N A I  

1 1.1519+C3 

2 1.1519+03 

3 1*1520+03 

4 1.1520+03 

5 1,1896+03 

6 1.1897+03 

7 1.1896+03 

8 1*1896+03 

9 1*2236+03 

10 1.2235+03 

1 1  1.2234+03 

12 1*2235+03 

13 1.2443+.03 

14 1*2442+03 

15 1.2442+83 

16 1.2435+03 

17 1.2436+03 

18 1*2435+03 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

8 .  

0. 

0. 

0. 

0. 

0 .  

1-1654+03 

1 1654+O3 

1.1653+03 

1.1654+03 

1.2022+03 

1 . 2022+0 3 
1.2023+03 

1 *2023+O3 

1.2357+03 

1.235 9+0 3 

1.2357+03 

1 2358+03 

1 25 7 2+0 3 

1 . 25 73+0 3 
1 25 7 2+0 3 

1*2569+03 

1*2567+03 

1.2568+03 

1.1672+03 

1.1672+03 

1.1673+03 

1.1672+03 

1 2031+03 

1.2033+03 

1*2033+03 

1*2032+O3 

1.2365+03 

1 2365+O3 

1 . 2364+O3 
1.2366+03 

1*2578+03 

1.2579+153 

lO2578+O3 

1.2575+03 

1.2574+03 

1.2575+03 

-35 2- 

1. 1473+O3 

1. 1473+03 

1.1473+03 

1 1474+O 3 

1 1848+O3 

1.1848+03 

1*1848+03 

1.1847+03 

1.2186+03 

1.2186+03 

1 2 185+O 3 

1.2186+03 

1*2391+Q3 

1e2391+03 

1o2390+03 

1.2384+03 

1.2384+03 

1 o 2384+03 



CONDENSING OATA REDUCTION 

23.2 235 237 238 240 243 

DTNA WNA TNAM CPNA QNA DTQL 

1 6-7328+00 

2 6,7187+S@ 

3 6-7752+00 

4 6,8600+68 

5 5*0941+00 

6 5*1553+CO 

7 5.1510+00 

8 5*1795+QG 

9 4,7522+00 

10 4.8092+00 

11 4,8946+00 

12 4.8946+30 

13 5,1510+GO 

14 5.1938+00 

15 So1510+OO 

16 5.2935+00 

17 502792+00 

18 5.3547+00 

3o9151+03 

3-9151+03 

3-9151+03 

3 o 91 51+O 3 

4-4514+03 

4 o 45 1492 3 

4.4514+03 

4- 4514+O3 

4,4929903 

4*4929+03 

4-4929+03 

404929+G3 

4o5153+G3 

4o5153+03 

4- 5 153+G 3 

4.5167+03 

4o5167+03 

4o5167+03 

1 -  1439+03 

le1439+03 

1 o 1439+O3 

1 01446+03 

1 e 18 2 3+8 3 

1 o 18 2 2+G 3 

1,1822+03 

1 o 18 2 190 3 

1*2162+03 

102162+03 

Io2161+03 

1o2161+03 

1,2365+03 

1o2365+03 

1o2364+03 

102358+03 

1,2358+63 

l02357+C)3 

-353- 

709080+03 

7*8914+03 

? *  9577+0 3 

80 0573+O3 

6 ao27+03 

6o8978+03 

6,8788+03 

60 9 169+03 

6 o 407 1+O3 

604839+03 

6 o 599 1+O3 

60 5991+O3 

6 98 m+e 3 
? oO397+O 3 

60 9818+O3 

?-1769+03 

?o1576+03 

7e2735+03 

1 06 18+O 3 

1*0622+03 

1*0627+03 

1 oQ632+O3 

l o  1055+O3 

l o  1Q55+O3 

lP1059+O3 

1 s  1O58+O3 

l o  135O+1?3 

1013!%+03 

1o1353+03 

1- 1353+O3 

1*1575+03 

l e  157U+O3 

1e1574+03 

1-1567+03 

101568+83 

1*1567+03 



CONDENSING DATA REDUCTION 

246 247 2 5 1  336 3 17 319 

QC Q / A A  WK TWI T Q / A  T TWO T 

1 1-0463+04  

2 1 - 0 4 4 8 + 0 4  

3 103516+C4 

4 1*0617+04  

5 9 * 5 2 9 1 + 0 3  

6 9 ,6241+03  

7 9 * 6 0 6 7 + 0 3  

8 9 * 6 4 4 5 + 0 3  

9 9 * 2 5 1 7 + Q 3  

10 9 - 3 3 0 2 + 0 3  

11 9 * 4 4 5 0 + 0 3  

12 9 * 4 4 5 1 + 8 3  

1 3  9 * 9 1 8 9 + 0 3  

1 4  9.9741+03 

15  9.9176+C3 

16 1 * 0 1 1 0 + 0 4  

17 1*0091+04  

1 8  1.0207+04 

2. L313+04 

2.1283+04 

2.1422+04 

2*1628+G4 

1.941 1+64 

1*9605+04  

1.9576+04 

1*9647+04 

1.8846+04 

1 9OO6+04 

1.9240+04 

1 9240+O4 

2.O2O4+O4 

2.0318+04 

2*0203+04  

2.0595+04 

2.0556+34 

2.0791+04 

1.2000+01 l0164O+U3 

1.1983+01 1.1640+03 

1 -2061+01  1 ,1641+03  

1.2177+01 1.1642+03 

1 0994+0 1 1 2007+03  

1 11O4+O 1 1 20 11+O3 

1,1084+01 l 0 2 0 0 7 + 0 3  

1 1127+01  lo2r?Q7+03 

1 ,6732+01 1 - 2 3 4 7 + 0 3  

1 0 8 2  3+0 1 1 2 347 +03 

1*0956+01  1 - 2 3 4 6 + 0 3  

1.0957+01 1.2348+03 

101549+01  1.2557+03 

1 16 14+O 1 1 256  1 +03 

1 1548+01 l e  2561+O3 

1*1?72+01 1 0 2 5 5 6 + 0 3  

1e1749+01 1 * 2 5 5 2 + 0 3  

1*1884+01  1 -  2554+O3 

-354- 

1 o 6663+Q4 

1 o 6448+84  

l o 6 6 0 3 + Q 4  

1 o 7O74+04 

1 4963+O4 

1*6129+Q4 

1o5102+04  

l o 5 1 4 4 + 0 4  

l e  5636+O4 

1.5986+04 

l o  565O+O4 

1.6038+04 

1 o 5 9 7 3 9 3 4  

1 7 145904 

1o7218+04  

1 - 7 4 6 7 + 0 4  

1 6243+O4 

1*6?14+04 

1 ,1523+03 

1.1525+03 

1*1524+03  

1.1522+1;3 

l o  19O3+@3 

1.1899+G3 

l e 1 9 0 3 + 0 3  

1.1902+03 

1 ,2239+03 

l e  2237+L3 

1.2238+03 

1*2238+C3 

f o 2 4 4 8 + 3 3  

lm2443+i3 

1 0 2 4 4 3 + 8 3  

1 ,2437+03  

1o2441+03 

1.2439+03 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

1 5  

16 

17 

18 

CONDENSING O A T A  REDUCTION 

324 

HCON T 

49 212O+O3 

40 1819+t33 

4o2771+03 

4-4197+G3 

5,2489+@3 

6,3837~23 

5.136Cl+C3 

5 0  1788+O3 

8,1376+?23 

80073l+C3 

7o9135+33 

8*3921+C3 

326 

NUC T 

1 a 1794-02 

1.17O9-Q2 

1e1976-02 

1 o 237 5-0 2 

1 4753-02 

1.7943-02 

1 4436-02 

1.4557-62 

2,3000-02 

2.2825-02 

2 e 2374-02 

2 372 8-9 2 

2 o 3 8 84-0 2 

2-4787-02 

2 o 6086-0 2 

20 5264-02 

2,0922-02 

2- 134O-02 

354 

TWI B 

365 

Q / A  6 

-355-  

2,3673+04 

2.3844394 

203526+04 

2o3328+04 

20 1600+04 

Z0o936+04 

2.1506+04 

20 1238+04 

2.0899+04 

2 139 12+04 

2,1432+04 

201057+Q4 

2.2234+04 

2*2707+04 

202252+04 

2.3029+04 

2.2766+O4 

2.3329+04 

367 372 

THO B HCON B 

1*1472+03 

l e  1472+O3 

le1473+03 

1- 1474+03 

1*1854+03 

l o  1858+03 

l o  1855+03 

1- 1855+C3 

1 o 2196+O3 

l o  2196+03 

1 e 2 194+O3 

1.2196+03 

1*2400+03 

1-2399+03 

1.2400+03 

1o2392+03 

1 o 2392+O 3 

1-2390+03 

6.7964+03 

7*0520+03 

6o7571+03 

6-4621+03 

8.1785+03 

7o3574+03 

70727CI+O3 

70 4324+O3 

9.2295+03 

9 0 5  14+03 

1 .O167+O4 

9, 16Ol+O3 

9a7379+03 

9.9738+03 

9,3324+03 

9.9320*03 

gO9552+O3 

1.0484+04 



CONDENSING D A T A  R E O U C f I O E i  

374 

NUC B 

1 1.9029-02 

2 1.9744-02 

3 1.8919-02 

4 1.8093-02 

5 2,2986-C2 

6 2.0678-02 

7 2.1718-C2 

8 2,0889-32 

9 2.6093-C2 

10 205590-02 

11 2.8745-92 

1 2  2.5897-62 

1 3  2-7634-02 

14 2.8304-02 

1 5  206484-02 

16 2.8183-92 

17 2.8249-'?2 

18 209749-02 

389 

IWI TC 

1*1638+63 

1.1538+03 

1.1639+03 

1*164O+O3 

1*2005+03 

1.2c109+03 

1*2965+63 

1*2005+63 

1*2344+03 

1*2345+03 

1 2 3 44+ L* 3 

1.2346+c)3 

1.2555+03 

1.2558+03 

1*2558+U3 

1*2554+O3 

1*2550+C3 

1*2551+03 

398 

Q / A  TC 

1,8683+04 

1,8467+04 

1 8623+O4 

1 - 9093+04 
1*6825+04 

1 o 799 3+O 4 

1,6965+04 

1 700 7+04 

1,7346+34 

1,7691+04 

1 7355+04 

1 o7743+04 

1.7578+04 

1 8749+O4 

1.8824+04 

1,9074+04 

1,785 1904 

1.832 1+O4 

40 1 406 

TWO T C  HCONTC 

1.150?+03 

l o  15O9+Q3 

1 -  15Ct9+Q3 

lI15O6+O3 

lo1888+O3 

1.1884+03 

1 . 1888903 
i1i8a7+m 

1 * 2 2 2 5 + 0 3  

le2223+1)3 

1.2224+03 

l o  2,223903 

1 2434i-03 

1.,2430+03 

inz429+e3 

l o  2423+O3 

1 2427903 

1,2425+03 

805918+03 

8o5623+03 

8o9464+C3 

9*4143+03 

8 o 240 l a 3  

1*0630+04 

8o0262+133 

8 0 1Q09+0 3 

l e  1 L95+04 

1 o 1046+04 

1 o 1O47+O4 

1,1794304 

90 1187+C3 

1 o i! 96 4+ S 4 

10 1547904 

l o  1305904 

9-2368+03 

9.4810903 

408 

NUC f C  

2 . 40 52-0 2 
2,39?@-02 

2.5045-G2 

2.6355-G2 

2.3 157-02 

2 9 8 74- C 2 

2,2556-02 

2,27b,6-02 

3 ,  1648-G2 

3,1228-62 

3,123J-02 

3,3341-02 

2.5876-02 

3,1112-C2 

39 276942 

3,2080-02 

Z 0  6209-02 

2 6902-02 

-356- 



CONOEqSING D A T A  REDUCTIOK 

4 2 4  4 3 4  436 440 442 4 50 

PSI HD Tlrjl Bf Q / A  BC TkD BC HCONBC NUC BC 

1 L01044+53 

2 101645+C3 

3 leL644+?3 

4 101643+?3 

5 1*21?t9+ 3 

6 1.2008+'33 

7 1.2309+<3 

8 le2308+C3 

9 102345+23 

19 lo2345+c3 

11 Lo2346+C3 

12 1,2346+C3 

1 3  102557+03 

1 4  1*2559+03 

1 5  l O 2 5 5 7 + C 3 

16 102554+?3 

17 1,2553+03 

1% lo2555+'33 

2,5627+04 

2.5798+04 

2.5481+64 

2,5283+04 

2*34%2+C4 

2.2819+114 

2.3389+L4 

2,3120+U4 

2 . 273a+rs4 
2,2751+04 

2,3270+b4 

2 2 8 9 7 + W  

2.4043+C4 

20 4517+O4 

2.4062+04 

2.4838+04 

2,4576+04 

2,5138+04 

1 1464+O3 

1o1464+03 

LoL466+03 

101466+93 

101846+03 

1*185C+03 

1.1847+03 

1.1848+'33 

1 21 8 8+Q 3 

Lo2188+03 

1 21 86+O 3 

1*2188+03 

1 *2393+33 

1 *2391+O3 

1.2392+03 

1*2384+03 

1.2385+03 

1 238 3+0 3 

lO1571+O4 

1*2195+C!4 

101561+c)4 

1 o 3924+94 

I o  2467+O4 

1 9 9 9 3 9 3 4  

l o  1597+04 

1*1O52+O4 

10311)66+04 

1o2757+04 

1.4851+04 

103027+04 

103111+c4 

1 3451+04 

l o  2434+04 

1 o 3402+04 

l o  3476+04 

1,4345+'34 
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3 2 393-0 2 

304141-02 

3o2367-C2 

3 o 8 5 84-0 2 

305037-02 

3 ,O897-32 

3,2593-02 

30 1C61-C2 

3 6938-0 2 

306065-02 

4,1985-02 

3- 6828-02 

3 o 72O5-C 2 

3 o 8 1 7 1 4 2  

3 o 5 28 4-0 2 

3- 8029-02 

308240-02 

4,o 704-0 2 

301089-02 

3*1012-r\2 

3- 142C-S2 

3 20 10-02 

2 o 0 7 8 8-0 2 

2,1208-02 

2.11 11-G2 

2o1285-C7 

106245-02 

1 6 50 7-02 

106936-62 

1.4925-02 

1o6634-<2 

10b809-Ir2 

1*6627-G2 

107314-02 

1 7 2 6 6 4 2  

1 7648-02 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

14  

1 5  

16 

17 

1 8  

C O N D E N S I N G  DATA R E D U C T I O N  

451 452 4 5 3  610 6 1 1  613 

P I  PU DPC P I C  POC DPCC 

3 6 98 5+00 

3 . 6969+08 

3.6975+00 

3.7011+00 

4.677O+OO 

4.6777+00 

4.6822+00 

4*6803+00 

5*7657+OO 

5.7718+90 

5.7657+00 

5.7702+00 

6.5717+00 

6.5784+00 

6*5742+00  

6.5608+00 

6.5532+00 

6.5608+00 

3.6492+0[9 

3.6497+00 

3.6508+00 

3.6502+00 

4,6327+08 

4.6380+00 

4.6373+00 

4*5360+00 

5.7307+00 

5.73 15+OO 

5.7292+00 

5*7345+OO 

6.5339+(30 

6.5398+015 

6.5364+OO 

6*5222+OO 

6*5188+DO 

6.52 13+00 

4 9 3 2 6-0 2 

4 7 2  2 7-0 2 

4 67 0 2-0 2 

5 0908-0 2 

4 4 2 9 G- 0 2 

3 97 3 1-0 2 

4,494 1-02 

4,4290-02 

3.4976-02 

4,0291-92 

3,6491-02 

3.5730-02 

3.7795-02 

3.8635-02 

3,7795-02 

3,8634-02 

3 443 5-0 2 

3,9474-02 

3-6199+00 

3 -  6185+OO 

3 . 6 182+OO 

3.6206+00 

4.6224+00 

4.6219+00 

4,6268+QO 

4 -  6249+OO 

5.7233+00 

5.7291+00 

5. 72 15+00 

5.7261 +00 

6.53 14+00 

6.5375+00 

6*5339+00  

6,5186+00 

6 . 5 1  13+OO 

6,5177+00 
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3*6636+00 -4,3654-02 

3.6641+00 -4-5556-82 

3.6651+00 -4,6962-02 

3.6646+00 -4.4038-02 

4.6500+00 -2.7627-02 

4.6552+00 -3.3318-62 

4*6546+00 -2.7792-02 

4*6533+00 -2,8352-02 

5o7502+00 -2-6068-02 

50751t9+00 -201859-02 

507487*00  - 2 . 7 1 6 3 4 2  

5o754O+OO -2o7911-G2 

6 o 5 5 5 O + O O  -2.3664-02 

6.5609+00 -2.3403-02 

6*5576+OO -2,3661-02 

6 -5433+00  -2-4685-02 

6.5399+00 -208620-02 

6o5425+00 -2.4749-02 



CONDENSING DATA REDUCTION 

700 4 9 5  7 0 1  4 9 8  504 507 

X R  HKL B X T  WKL T NREF T NREF E 

1 3,8845-01  7*3386+00  

2 3,8947-Cl  7.3159+00 

3 3.9C49-51 7 * 3 5 1 4 + Q 3  

4 308934-01  7 * 4 3 6 4 + ~ 0  

5 3,7269-131 6 * 8 9 6 5 + 0 0  

6 3 .  7539-91  6.9354+00 

7 3 ,7267-Cl  6 * 9 5 3 1 + 0 0  

8 3.73G3-Ql 6 * 9 7 6 3 + 0 6  

9 3.6971-Cl 6.7644+UU 

10 3 . 6 7 9 4 4 1  6 .  841O+OO 

11 3,7948-31  6*8973+OO 

1 2  3.7055-21 6 * 8 9 6 7 + 0 0  

13 3,0886-.31 7-2982+Cf i  

1 4  306794-131 7 * 3 4 1 0 + 0 0  

15 3.6778-Cl 7*3312+f$O 

16 3 ,6842-01  7.4349+00 

17 3.698.3-21 704342+L30 

18 3,688O-Cl 7 * 5 0 1 2 + 0 0  

7 .  1948-01 3 -  3663+OO 

7.2044-01 3-35@0+!30 

7 ,2138-01  3*3605+00 

7 - 2 0 2 8 - 0 1  3.4062+0(9 

70r1475-01 3*2459+08  

7oC731-01 3.2499+00 

7 547 3-3 1 3 - 2 7 2 7 +OO 

7 C5r) 7-0 1 3 - 2 0  17 +OO 

7.0194-01 3 -  1989+OO 

7-0024-01  3 -2444+00  

7 -5266-01  3*2578+00  

7.0273-01 3 * 2 5 7 1 + 0 0  

7.QO34-01 3-4607+00 

7.002 3-0 I 3.4a17+00 

7-0008-0 1 3. 4636+OO 

7.CO69-01 3.5235+OO 

7 0 2 0 1-0 1 3 50  1 2  +OC 

7.9104-01 3.5528+00 

2,2622+82 

2,2512+O2 

2 2583+O 2 

2 -  2891+U2 

2 - 2 2 9 5 + 0 2  

2.2323+02 

2.2481+02 

2.2542+02 

2*2421+02  

2*2742+02 

2*2833+02  

2.2830+02 

2*4557+02  

2*4709+02  

2 4579+O2 

2*4998+32  

2 .4838 t32  

2*52O6+O2 

4*9332+O2 

4 9 180+02 

4.9419+02 

4.9991+02 

4.7379+02 

4.7649+02 

4 .  777 1 + 0 2  

4.7930+02 

4.7419+C2 

4.7958+02 

4.8349+02 

4 * 8 3 4 9 + 0 2  

5. 1795+O2 

5.210 3+O2 

5.1818+C2 

5*2755+02  

5.2534+02 

5*3225+02  
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APPENDIX - G 

P a r t  1: 

Der iva t ion  of Two-Phase Condensing P res su re  Gradient  

The two-phase p re s su re  g rad ien t  r e l a t i o n  as der ived  from momentum and 

c o n t i n u i t y  r e l a t i o n s  i n  Reference 7 i s  given by Equation 1. 

Neglect ing g r a v i t y  e f f e c t s ,  s i n c e  they can be shown t o  be n e g l i g i b l e ,  

Equat ion 2 i s  obtained:  

where pf=b,= 1, i . e . ,  uniform vapor and l i q u i d  v e l o c i t i e s  no t  

n e c e s s a r i l y  equa l .  
Ir 
f i s  def ined  as A l s o  from Reference 7 ,  where 

Equat ion 4 i s  obta ined  from Equations 2 and 3 :  
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If K, the slip ratio is now considered in Equation 3, Equation 5 can 

be written as in Reference 7: 

Integrating Equation (4) from the condenser inlet or X = 1.0 to some 

arbitrary quality X for a linear axial quality variation, Equation 6 

is obtained. 

Since from Equation 5, 

Equation 7 is obtained from Equation 6. 



APPENDIX G - 

Part 2: Derivation of Twc-Phase Multiplier for Frictional Pressure 

Drop for a Homogeneous Model. 

For single phase liquid f low,  Equation 1 represents the pressure 

drop relation. 

If a homogeneous two-phase mixture is assumed, and the density and 

viscosity are weighted as in Equation 2 and 3 respectively, 

/- x t -  / % G- 4 
- -  
p “ -  

the two phase pressure relation is given by Equation 4. 
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Expressing f as Equation 6, Equation 7 can be obtained from Equation 5. 

Defining the ratio as the two phase multiplier 0, the ratio of two- 

phase to all liquid A P  is given by Equation 8. 

Integration of this relation gives the following closed form expression: 
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ERRATA 

QPR 9, Ctr. NAS 3-2528 (NASA-CR-54215) 

1. Page 23, paragraph 1, line 1: (0.067-inch hole) should be (0.076-inch hole), 

2. Page 210, paragraph 3, lines 4 thraugh 7 should be: loss vs. average sodium 
to ambient temperature difference AT is linear on a log-log scale. The 
resultant equation is Na 

where ATNB = OF and QL = Btu/sec. 

3. Page 244, equation 1: The quantity (W 1 should be (C 1. K K 
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